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1. Introduction 
 
Last year (2009) in September on the company Elektrotim S.A. area have been built an 
experimental street lighting management system called later on “Jupiter”. It was and still is 
new solution on polish street lighting market, which follows all global trends in this field. 
Before me was placed very difficult goal to prepare the new product in company offer to be fit 
for sale. The task was divided into four paths, my master thesis is a result from three of them. 
First partial task consist in finding out as much as possible errors and faults in software 
and suggest new useful functions. In future on that base computer engineer will modify the 
software to offer for customers the best street lighting management system in Poland.  
Second partial task consist in measuring the parameters of one of the most important 
device in the “Jupiter”, electronic ballast. The part of knowing the system I realized in 
cooperation with Wroclaw University of Technology. I spent almost two week preparing and 
perform the measurements, which have been the base to write main part of my master thesis. 
The measurements required a lot of work and involvement, they were made in two separate 
laboratories, which entail with moved all necessary devices from one laboratory to another 
and built two measuring circuits.        
 Third partial task consist in economic analysis, which include the comparison of 
maintenance and investment costs “Jupiter” system and traditional street lighting system. It is 
understood as a work in direction of improvement the MS Excel spreadsheet. I had to modify 
the structure and develop the input parameters, which must have been taken from 
measurements results, internal company documents and warehouses price lists. The results of 
economic analysis will be used in master thesis and in “Jupiter” commercial presentation. The 
company will use spreadsheet as a base of creation the sale offer for the potential customers.     
 Fourth partial task consist in making the “Jupiter” commercial presentation. Some 
parts of this presentation will be used in creation of master thesis presentation, but first of all 
it will be used as a tool for sales specialists to help them in presentation the “Jupiter” for 
customers. I should also prepare myself to present and convince the potential customer that 
the “Jupiter” is good solution for him. It required a lot of time and learning of every detail to 
begin with wiring system and end with software structure.     
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(2.1) 
2. Theory 
 
When we want understand the street lighting management system we should first of all 
understood the light itself. The theoretical introduction will in short and simple way explain 
basic parameters of light, give the information about the street lighting and introduce the 
street lighting management system “Jupiter” structure and application. 
2.1. Basic parameters of lighting: 
 
• Luminous flux Φ in lumen [lm] 
• Luminous intensity I in candela [cd] 
• Illumination, luminous flux density E in lux [lx] 
• Luminance, brightness L in [cd/m2] 
 
In the figure 2.1. we can see 
relationship between this lighting 
parameters: 
Luminous flux is overall lighting 
power emit from the light source 
(fitting). Luminous intensity 
describes the quantity of the light 
dispatch in specific direction. We 
can use luminous intensity to 
create light distribution curve of 
the fitting. On the other hand, 
illumination is the amount  of the 
light which dispatch from the 
fitting achieve surface of the 
work. This light, which reflect 
from the surface and then achieve human eye is called luminance or brightness. Generally 
brightness is define as light quantity dispatch from particular surface.  Everything what we 
can see have brightness. Even light source have brightness, because light is always dispatch 
from specific surface, sometimes very small one. Only difference is that this is very big 
luminance, which dazzle eyes and then we can talk about glare.[1]            
2.1.1. Light from lamp 
2.1.1.1. Luminous flux 
 
Entirely lighting power emit from particular light source is called luminous flux. This 
parameter can be derive from power flux (power dispatch, carrier or taken in radiation shape), 
in based on degree of influence them on human eye:  
 
    	 · 	 · 


 
 
where: 
Φe – spectrum distribution of power flux 
V(λ) – relative efficiency of luminous spectrum 
Fig. 2.1. Basic lighting parameters [1] 
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(2.2) 
(2.3) 
Km – luminous efficiency of radiation 
λ – electromagnetic wavelength  
 
2.1.1.2. Coefficient of utilization 
 
Ratio between luminous flux of the fitting and luminous flux of the light source can be called 
coefficient of utilization. The following equation confirm that definition: 
 
    
 
This parameter describe how big part of the luminous flux of the light source after 
transformation is dispatched by fitting. We can also define coefficient of utilization for lower 
half plane and upper half plane. Coefficient of utilization for lower half plane is significant for 
non-ceiling fittings, because mainly light send in the bottom from the fitting will be create 
sufficient amount of light, for instance in the desk surface.[1]      
  
2.1.2. Light dispatch in specific direction 
2.1.2.1. Luminous intensity 
 
Parameter which describe quantity of light exits the light source or fitting in specific direction 
is called luminous intensity. It can be compute as quotient of luminous flux Φ, dispatched 
from light source in infinitesimal solid angle ω include specific direction, to value of this 
infinitesimal solid angle. We can compute it from the following equation: [1]   
 
 
   
 
2.1.2.2. Luminous intensity chart  
 
 
To present how light distribution from fitting or light source 
look like, we should first make some measurements of 
luminous intensity in different directions, then after 
computations obtain results into relative values (1000 lm), we 
can draw fitting luminous intensity curve. We make this kind of 
computation, when we want to make a comparison between the 
fittings with different light sources.  
 
This chart shows light distribution in two planes: 
 
• Vertical plane pass along fitting axes, planes 
C90-C270 
• Perpendicular plane to fitting axes, planes C0-
C180 
 
Fig. 2.2. Luminous 
intensity chart 
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Figure below depicted this two planes:  
 
If the fitting is rotational-symmetrical, then the luminous intensity distribution will be only in 
one plane C. On the other hand in the fitting with nonsymmetrical luminous intensity 
distribution we have given values in plane C in angles every 300, or even every 150. Luminous 
intensity chart give us basic information about the shape of the fitting luminous intensity 
distribution. It can be also given in numerical values. In table below are numerical values of 
the fitting luminous intensity distribution in angles from 00 to 850 every 50 in four planes: C0-
C180, C30-C210, C60-C240, C90-C270.[1] 
 
Table 2.1. Luminous intensity according to angle 
cd/1000ml 
γ 00 300 600 900 
0 599 599 599 599 
5 586 585 566 552 
10 561 545 484 454 
15 534 515 422 370 
20 533 497 382 312 
25 535 478 351 274 
30 483 418 303 234 
35 354 295 205 173 
40 281 228 155 131 
45 136 106 73 63 
50 91 70 48 42 
55 57 45 31 28 
60 34 27 20 18 
65 20 16 12 11 
70 11 10 8 8 
75 6 5 5 4 
80 3 3 2 2 
85 1 1 1 1 
         
 
 
 
Fig. 2.3. Fitting division according to planes C0-C180, C90-C270 and angle γ [1] 
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2.1.2.3. Light beam angle 
 
 
For some fittings aside from luminous intensity chart is 
given also light beam angle β. It is angle in plane which 
pass along light beam axes in the range which luminous 
intensity drop down to determine percentage value of its 
self maximum value e.g. to 50% Imax. This case is depicted 
in the figure 2.4. [1]   
 
 
2.1.3. Light incident on the surface 
2.1.3.1. Illumination, luminous flux density 
 
Another parameter use in lighting engineering is illumination or luminous flux density. It is 
quotient of luminous flux Φ incident on the elementary surface S, including particular point 
and the value of this elementary surface. 
 
    
 
In other words, luminous flux density is the amount of light incident on the surface, compute 
in particular point. [1]  
2.1.3.2. Computation of luminous flux density by point-by-point method  
 
The figure shows the case in which the point P on the horizontal plane is lighten by particular 
light source S. 
 
If we rearrange above equation and assume that light source is particular point, we can obtain 
equation for luminous flux density: 
 
  !" · #$%& 

'" · #$%(& 
 
where: 
 
Ep – illumination in particular point P of the consider plane [lx] 
I – luminous intensity in point P direction [cd] 
r – distance between the light source and the particular point P [m] 
Fig. 2.4. Light beam angle [1] 
(2.4) 
(2.5) 
Fig. 2.5. Luminous flux density in the surface point [1] 
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α – angle between the normal n and direction of light incident 
h – high of light source over the consider plane [m] 
 
Mean value of luminous flux density on the specific plane can be obtain by divide sum of 
luminous flux density in particular points by number of that points.[1] 
 
)  ∑  +  
 
2.1.4. Influence of the light on human sight 
 
2.1.4.1. Luminance, brightness 
 
Human eye see the surface on which incident the light. It reflects from the surface and hit the 
observer eye. Surface which dispatch the light have define brightness visible for an human 
being. Brightness is quotient of luminous flux leave, incident or penetrate through elementary 
area surrounding consider point and propagate in define cone enclose that direction, over the 
product of solid angle of that cone and orthogonal projection of elementary area on 
perpendicular plane into that direction. Brightness expresses amount of light which is seen by 
observer: 
 
,  
"
 · % · #$%& 
 
After some transformations we can obtain simplest equation: 
 
,  ` 
 
We must remember that S` is a apparent surface of lighting surface seen by the observer. 
Brightness of the reflecting plane in dispersion manner we calculate as follow: 
 
,  /0 ·  
 
where: 
 
L – luminance, brightness 
ρ – reflection coefficient 
E – illumination or luminous flux density on the plane 
 
This equation is only truth for areas with dispersion reflection. It can be also use with 
sufficient accuracy for such a non-shine surfaces as: mat painted walls, normal papers, carpets 
etc. It cannot by use to compute brightness of the road surfaces, because surface of the road 
have directionally-dispersion character of reflection. [1]       
 
 
(2.6) 
(2.7) 
(2.8) 
(2.9) 
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2.2. Introduction to street lighting 
2.2.1. Gas-discharge lamps 
 
Gas-discharge lamps are one of the type of artificial light sources. It generates the light by 
electrical discharge in ionized gas. Because of that the character of the gas-discharge lamps 
mainly depends on the frequency and modulation of the current. Gas-discharge lamps 
normally use a noble gas (argon, neon, krypton, xenon) or some mixture of theirs. A lot of 
lamps are filled with additional metals like mercury, sodium, metal halides. Between the two 
electrodes in the filament current flows and 
the gas is ionized and moving particles 
(electrons and ions) hit the metal and gas 
atoms. The electrons which hit the metal 
and gas atoms are excited by these 
collisions and giving them higher energy 
state. In order to that the metal and gas 
atoms are the source of high power and low 
wavelength (ultraviolet) radiation. To 
convert ultraviolet radiation into visible 
light we use fluorescent coating inside the 
lamp`s glass surface. Almost all gas-
discharge lamps require device which 
limits the discharge current – stabilizer. For 
this purpose most often are used chocking coils. Nowadays they are removed by electronic 
circuits which have better parameters. This type of stabilize-ignitions devises so called 
ballasts are installed inside the fittings. The features of gas-discharge lamps are long life time 
and high light efficiency, on the other hands this lamps are complicated to manufacture and 
they require some additional device to provides the current flow through the gas. We can 
distinguish three main light sources which are used in street lighting systems: mercury-vapor, 
sodium-vapor and metal halide.          
2.2.1.1. Mercury-vapor lamp 
 
Mercury-vapor lamp is gas-discharge lamp which 
uses electrical discharge in mercury vapor to produce 
the light. Pressure of the mercury vapor is around 1 
[MPa] and the temperature in the range of 600 ÷ 700 
oC. Radiation in mercury-vapor lamps are source of 
ultraviolet and visible light. However the glass 
envelope inside is covered by fluorescent coating to 
improve the light color. On the other hand, the 
fluorescent coating do not provide white light what 
cause that some red and red related colors objects 
have unnatural appearance. The structure of the 
mercury-vapor lamp we can see in figure 2.7. 
Discharge is started inside the quartz arc tube where 
mercury and argon are placed. After the lamp starts 
in the argon begins leader discharge between the 
operating electrode and starting electrode. Quartz arc 
tube warms up and the mercury vaporize what cause 
BallastA.C. voltage
Electrode Arc tube
Arc
Fig. 2.6. Diagram of gas-discharge lamp 
Fig. 2.7. Scheme of mercury-vapor 
lamp 
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electrical discharge in mercury vapors. Finally the discharge is made between the operating 
electrodes and the lamp is in normal working condition. Luminous flux slowly increases in 
time around 3 to 5 minutes. When the short interruptions or sags occurs mercury-vapor lamps 
turns off and do not start till the quartz arc tube cools down, after that the starting procedure 
begins one more time. It is take 6 to 10 minutes from turn off to normal working condition. 
Mercury-vapor lamps offer a very long lifetime and intense lighting for several applications 
as well as they are relatively efficient. They also need stabilizers and when we use chock coil 
to fulfill that requirements we should remember to install some additional capacitor to 
improve power factor.[2]  
2.2.1.2. Metal halide lamps 
 
Metal halide lamps are the same like mercury-vapor lamps but they have wider radiation 
spectrum. This feature is achieved by adding many metals to mercury and argon inside the 
quartz arc tube. This other metals are compound with 
iodine and called halides. In very high temperature of 
leader discharge the halides dissociate (disintegrate) and 
excited free metal atoms which extend the radiation 
spectrum of the lamp. Number of used metals and 
possible combinations of them is almost infinity. 
Halides are electronegative what means that easy absorb 
free electrons and because of that ignition of the lamp is 
more difficult. Generally ignitions systems generate 
voltage impulses in high frequency (20 ÷ 100 kHz) and 
pick value of 2 ÷ 5 kV (the higher is the lamp power the 
bigger they are). In the marker are available metal halide 
lamps without fluorescent coating . That type of light 
source have radiation spectrum very similar to daylight 
radiation spectrum, provide excellent color 
distinguishing. Big power metal halide lamps are is the 
range of 4kW. Metal halide lamps produce high light 
output for their size what make them compact, powerful 
and efficient light source. Nowadays they are available in numerous sizes and configurations 
for industrial and residential applications.[2]                 
2.2.1.3. Sodium-vapor lamps 
 
It is a gas-discharge light source 
which uses sodium vapor in an 
excited state to produce light. We 
can distinguish two types of 
sodium-vapor lamps: high 
pressure and low pressure.  
In low pressure sodium-vapor 
lamps electrical discharge takes 
place in sodium vapor where 
pressure is about 1 [Pa] and 
temperature is around 300 oC. 
Lamp dispatches the yellow-orange single color light. Human eye is very sensitive to that 
kind of light for that reason low pressure sodium-vapor lamps are most efficient than other 
light sources. They produce the light relatively cheap. Moreover low pressure sodium-vapor 
Wolfram Filament
Quartz Arc Tube
Glass Envelope
Fig. 2.8. Scheme of metal halide 
lamp[3] 
Fig. 2.9. Scheme of sodium-vapor lamp 
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lamps cause less light pollution than mercury-vapor lamps, because of that many cities 
employ them. They are also widely apply especially in the street lighting systems, because 
they provide high visual acuity even in highly polluted and hazy atmosphere. However low 
pressure sodium-vapor lamp have few serious drawbacks. Ignition of cold lamp last about 10 
minutes and single color light do not show real color of the objects. 
The pressure of sodium vapors in high pressure sodium-vapor lamps is the range of 104 ÷ 
105 [Pa] and the temperature is about 750 oC. Inside the quartz arc tube is alloy of sodium and 
mercury. Principle of this lamp was known long time ago but only in 60`s one invented 
special clear material for arc tube which can withstand degradation of the sodium in high 
temperature. This material is called clear aluminium oxide. Vacuum between the glass 
envelope and discharge tube serve the purpose of thermal insulation. High pressure sodium-
vapor lamp (HPS) have the same disadvantages as mercury-vapor lamp. Problems connected 
with ignition of cold lamp and again ignition of warm up lamp occurs. Furthermore, light 
pulsation and stroboscopic phenomena are also an issue. Another similar features HPS lamp 
and mercury-vapor lamp are applications. Both of them can be use in big high halls, street 
lighting systems and vast areas. It is also possible to use different light sources to bring up 
color of the objects.[2] 
2.2.2. Systems with traditional and electronic circuits  
 
During operation time of the lamp voltage drop between two electrodes decrease what 
cause increasing value of current in the circuit. Because of that lamp control system must be 
equipped with some device which can limits the value of current which flow through the 
lamp. In past very popular solution was to 
install magnetic coil stabilizers and starters, 
just like that shown in the figure 2.10. 
Chocking coil connected in series witch lamp 
limits the value of current but also creates 
overvoltage wave during the starring time. 
Starter connected in parallel with lamp served 
for initial filament heating and after that to 
disconnect the circuit. Sudden disconnection of 
the circuit cause sudden overvoltage in the lamp in effect of that lamp starts working. At first 
switch S1 is close and current flow through impedance coil L1 and lamp filament. After some 
time when filament is heated up to certain temperature switch S1 is opened. Sudden change of 
current creates huge electromotive force in the impedance coil and in consequence the lamp 
stars working. That kind of solution have a lot of drawbacks. First of all, the switch might be 
open when the actual value of voltage is close to 0 V. In that case value of current which 
flows through the lamp and ignition voltage are not sufficient large to initiate working of 
lamp. It decrease comfort of utilization, because very often flickering effect occurs during the 
ignition. Moreover in case of that kind of circuits starting time is about 2s, while lamp obtain 
normal lighting capacity for more than 2 minutes. Main issue is that magnetic coil stabilizer is 
low productive. It is cause not only by power losses in winding. Gas ions inside the lamp 
recombinants every time when voltage crossing zero, after that gas is ionize one more time 
during next half cycle. That effect have big influence in power consumption of the lamp. 
After estimation the power losses in winding of magnetic coli stabilizer, we can say that they 
are 10 - 20% of whole power consumption of the lighting system.[5] 
Although electronic stabilizer (ballast) cost is higher than magnetic coil stabilizer but after 
one year time this expense can pay us back. Main features of this solution is high efficiency, 
ignition without flickering, noiseless working and extended live time of light sources. 
Fig. 2.10. Traditional magnetic 
stabilizer with coil L1 and starter S1 
[6]  
Vs
L1
S1
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Luminous flux do not pulse when light source is supply by high frequency voltage. Luminous 
flux density can be fluently control, because voltage and current are more stable than when 
magnetic stabilizer was used. Moreover, that type of system is not only smaller and lighter to 
compare with magnetic stabilizer but also one ballast can be used for a few light sources 
simultaneously. Electronic stabilizer (ballast) allows to heating electrodes precisely before 
ignition. It is important because it extends life time of this element, independently from 
numbers of switching on and off. Predictions are that using this method we can extend light 
source life time event up to 50%. Furthermore this system provide start and working without 
flickering and pulsation, constant parameters of light without consideration about supply 
voltage changes and high value of power factor. Next advantage of this solution is that it is 
possible to use high frequency current to supply it, what exceed magnetic coil solution for 
about 30 to 60 kHz. During such a short period of flowing current recombination of gas ions 
do not occur, what in consequence cause decreasing of power losses in the circuit. Beside, 
electronic stabilizers are design for less power consumption, thanks to that they efficiency is 
usually more than 90%. New system with electronic stabilizer (ballast) is using up to 30% less 
power than traditional system with magnetic stabilizer. Another feature of electronic stabilizer 
is possibility to supply the system by direct current (DC), what is very useful for some special 
applications. In emergency power supply systems for instance. Ballasts are install inside the 
fittings. Most common is the system shown in the figure 2.11. Lamp is controlled by 
alternating voltage with variable frequency but constant pulse-duty factor close to 50%. At 
first, before the light is emitted controller inside the stabilizer generates voltage with 
frequency above resonance frequency L/C. This cause big current flow through the filament 
which must heat up the electrodes for certain temperature. After some time controller starts to 
decreasing the voltage frequency to resonance frequency. High voltage occurs in resonance 
circuit and cause ignition of the lamp. Most applications are equipped with systems which 
directly or indirectly measures current and in that base controller adjust voltage frequency. [5] 
2.2.3. Advantages and disadvantages of street lighting 
 
Street lighting have number of advantages but it also have few drawbacks which must be 
taken into consideration. First of all I would like to focus on features.  
 We can distinguish three main purposes of street lighting: beacon lighting, roadway 
lighting and security lighting. When we thing about beacon lighting we should have in mind 
that light is a aid to navigate for a driver. Beacon lighting is placed at the intersection of two 
roads to help the driver see the location of a side road when they come close to it and the 
driver knows exactly where to turn and can see other cars or pedestrians. In this case even a 
dim light provides enough light to serve the purpose. Beacon light must never shine onto the 
Fig. 2.11. Block diagram of typical electronic stabilizer [6]  
supply
rectifier 
bridge 
power factor 
correction 
capacitor 
filter
co
n
tr
o
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r
converter lamp
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main road, moreover it must not light brightly onto the side road. This is only one suitable 
lighting in residential areas. Furthermore the bonus side effect for the benefit of pedestrians is 
that sidewalk is illuminated. Next purpose of the street light is called roadway lights. It is use 
to reveal sings and expected hazards outside the headlights beam. It is placed in intersections 
with several turning movements and much sings. In the situations when the driver must read a 
lot of information placed outside the headlights beam. This is solve in such a way that the 
intensity of the light increasing gradually for around half a minute before the intersection and 
gradually decreasing the light intensity after it. Roadway lights are also illuminate sharp 
curves where headlights cannot give sufficient light onto the road. When the system is 
designed to eliminate the need for headlights the poles are high and close to each other so that 
there is consistent light along the road. Third aspect of street light is security lighting. It is 
made with no light and dark pools but one lighted area onto people`s houses. This is normally 
used in density areas of the cities along sidewalks.  
 However, street lighting have also few drawbacks. 
Generally we can say that it cause accidents if it is misused 
and can cause light pollution especially in the cities. In street 
light occurs two optical phenomena which have to be 
consider: accommodation reflex and contrast. Greatest danger 
is the loss of night vision of the driver eyes, because of 
accommodation reflex. As driver drives from unlighted area 
into a light area from a street light his eyes quickly adjust to 
brighter light, but as he leave a light area his eyes much 
slower adjust to the dimmer light, so his driving without 
sufficient vision. The older is the driver the time of driving 
without good vision increased because his eyes recovery 
speed gets slower. The contrast is important because 
oncoming headlights are more visible against a black 
background than a gray background. Another hazard is when 
between two objects that should not have and voltage 
difference anyway voltage occurs. It is so called stray voltage and in many cities it is a issue. 
When the light poles are electrify than is a big danger of stray voltage which can injure or 
even kill anyone who touches the pole. Some big cities around the world have installed the 
Electrified Cover Safeguard technology which warn the people coming nearby by sounds, 
when pole is electrified. Last quite important disadvantage of street light is light pollution. It 
is occur in urban areas, it can hide the stars and interfere with astronomy. To prevent that 
phenomena low pressure sodium lamps are used, they emit low intensity, monochromatic 
light in advantage over mercury-vapor lamps and metal halide lamps. The light pollution can 
also cause disturbs natural growing cycle of plants. In the figure 2.12 we can see two pictures, 
in the picture above the stars are visible (no light pollution), in the picture below we cannot 
see any stars in the sky, because of light pollution.                         
2.2.4. Conditions of good lighting 
 
We can distinguish four conditions which should by satisfy to have good street lighting: 
• The road luminance level 
• Uniformity of road luminance 
• Glare limitation 
• Aid to navigation  
 
Fig. 2.12. Light pollution 
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2.2.4.1. The road luminance level 
 
High level of luminance is guarantee of good 
vision of the road. The higher is luminance 
level the bigger is chance to see obstacles. 
After making some investigations the optimal 
value of luminance is 2[cd/m2]. This is 
recommended luminance for roads with high 
amount of traffic. In the figure 2.13 two 
situations are shown. One with low and 
second with high luminance of the road. In the 
picture on the right hand side the luminance 
level is higher and the obstacle near the car is 
clearly visible, however in the picture on the 
left hand side this obstacle is barely seen. [4]  
 
2.2.4.2. Uniformity of road luminance 
 
Second factor of good street lighting is evenness 
of luminance. When the lighting is uniform the 
driving conditions are better than in situation 
when the lighting is not uniform. Non uniform 
light distribution means that in the surface of the 
road are lighted and unlighted areas are visible. 
It can cause potential dangerous on the road, 
because some obstacles or pedestrians may not 
be seen by the driver. Recommended value of 
uniformity of road luminance is 0.4. In the figure 
2.14 two situations are shown. One with low and 
second with high luminance uniformity of the 
road. In the picture on the right hand side the 
evenness is higher and the obstacles can be seen 
by the driver, however in the picture on the left 
hand side we can see lighted and unlighted areas. When some obstacle is placed in unlighted 
area driver have no chance to see that. [4] 
2.2.4.3. Glare limitation   
Good fitting have special shape of reflector 
which provide good illumination of the road 
without glare effect on driver`s eyes. Parameter 
which describe glare effect in the road is called 
increasing contrast threshold index. It is 
describe sight function decrease cause by glare. 
For main roads value of this index should be 
less than 10. In the figure 2.15 we can see two 
pictures. One with low and second with high 
glare effect on driver`s eyes. In the picture on 
the right hand side glare effect do not exist 
what is absolutely correct. In the picture on the 
left hand side fittings do not have appropriate 
Fig. 2.13. The road luminance  
Fig. 2.14. Uniformity of road luminance 
Fig. 2.15. Glare phenomena  
17 
 
reflectors what in consequence lead to glare. [4]  
 
 
 
2.2.4.4. Aid to navigation 
 
 
Road lighting increase the safety in the road 
thanks to so called sight guide. Fittings put up 
above the road gives the driver additional 
information about turns direction of road. Access 
roads and exits from main road should be marked 
by using different type of lighting. We can 
achieve this for instance by putting up the fittings 
in different heights or by install different light 
sources inside the fittings. Thanks to this 
solutions driver knows what is going on the road. 
In the figure 2.16 we can see such situation when 
main road is lighten by one type of light source 
put up in one height and access roads are lighten 
by another type of light source put up in another 
(lower) height. [4] 
                      
 
 
 
2.2.5. Street lighting design 
 
In natural environment areas are lighted not only by sunshine but also, when we use 
simplification, by whole sky what cause that noticed objects are surrounded by light. In 
artificial lighting vision conditions are completely different. Luminous flux directed into the 
sky is lost in open space of the sky and value of reflected light, as distinct from close spaces,  
is negligible. Design of street lighting is not only a matter of light sources type or number, but 
we must properly select entire equipment (e.g. fittings, the way of supply and protection etc.), 
furthermore type of lighting pylons and the way of arrangement are also very important 
issues. Working conditions should by also determined: 
 
 
•  width and mutual location of every part of the street: roadway, pavements, tram 
tracks 
• type of building development (height, density) 
• stand density 
• traffic infrastructure (tractions, power network, telephone networks)  
 
Fig. 2.16. Light navigation  
  
 
Very important for lighting efficiency is the way of arrangement of light sources. Most 
popular arrangements are: one
The lamps are usually placed on the lamp posts seldom on the power poles. We must 
remember that lamp post is another obstacle near the roadway and it increases danger for road 
users. The lamp posts arrangement 
be minimized. In high developed
posts. When the care hits that kind of post they 
the vehicle. For design of street lighting we can use thre
 
• Point method 
• Unit power method 
• Illumination efficiency meth
 
 
Illumination efficiency method depends on determination of overall luminous flux 
should be produce by one light source on the part of the surface
assumed average luminous flux density E
height, distance between the fittings), type of light source and type of fittings we can define 
practical luminous flux Φpr , used to lighting 
luminous flux is part of direct luminous flux. We can compute it using illumination efficiency 
factor η, which can be read from luminous intensity charts
 
 
Illumination efficiency depends on the slop angle 
width of lighting surface b, what is depicted in figure 
Fig. 2.17. The lamp posts arrangements [6] 
-sided, two-sided and centre what is depicted in figure 
should be designed in such a way that this da
 countries near the motorways are installed special self
break and cause no danger for people inside 
e methods: [6] 
od 
 belong to it, in ord
mean. For assumed fittings arrangement (hanging 
the part of the surface belong to it. Practical 
 for specific fitting. 
 
α and hanging height of the fitting h and 
2.18.  
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2.17. 
nger would 
-break 
Φ0, which 
er to obtain 
 
(2.10) 
 When we know illumination efficiency 
flux, we can compute average luminous flux density as follow:
 
 
where 
 
S – area belong to one fitting in m
 
When we compute luminous flux density of the roadway we should consider three cases:
 
• when the fitting is hanged above the
• when the fitting is hanged above the roadway 
• when the fitting is hanged above the pavement 
2.3. Lighting Management Systems
2.3.1. Theoretical description  
 
A lighting management system called “Jupiter” is intelligent and energy
lighting system. New technical developments gives opportunity to build energy
lighting systems. That kind of systems can 
of  20% - 50% and reduce maintenance lighting costs
environmental preservation and roads and streets users safety.
bigger and bigger (every year) 
electronic stabilization-ignition systems
efficient outdoor lightning. Intelligent lighting management and control systems 
(allow)  to (regulate) adjust light intensity
system in order to conditions occur on
etc.). Moreover, this kind of system make services
of remote control and monitoring even single point from all lighting system.
lighting control systems become more popular nowa
every single fitting through protocol DALI
feeder 230V (without install any others cable system
from the superior system to data concentrator located into street lighting boxes can be
through wireless GSM system
 
Fig. 2.18
 
and according to that we know practical luminous 
 
 
3
 
 edge of the roadway 
 “Jupiter”:  
 
reduce electrical energy consumption
. It has also huge influence 
 Electrical energy prices grow 
what cause technical developments of light sources
 and informatics systems which allow more 
 of all or some part of outdoor (street) lighting 
 the streets and roads (traffic intensity, time, weather 
 and maintenance more 
days. They can deliver information to 
 (Digital Addressable Lighting Interface) 
- PLC transmission). The information 
. 
. Illumination efficiency parameters [6] 
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 [6] 
-efficient streets 
-efficient 
 in the range 
in (of) the 
, fittings, 
energy-
enable 
efficient. Because 
 Intelligent 
 typical 
 send 
(2.11) 
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2.3.1.1. System diagram (scheme) 
 
 
Fig. 2.19. Street lighting management system structure 
 
Street lighting management system have three major parts: 
 
- Supervisory Control And Data Acquisition (SCADA) 
- Microprocessor data concentrator - concentrator K-HID (located inside switchboxes) 
- Electronic stabilization-ignition system – converter HID (located inside the fittings) 
2.3.1.2. HID converter 
 
Main functions of HID converter 
 
- Cooperation with all kinds of high-pressure lamp: sodium-vapor lamps, mercury-
vapor lamps, metal halide lamps  etc. 
- Remote control of lamps: switch on/off (manually or remotely operate), lamp power 
regulation in the range of 50% to 100% (manually or remotely)  
- Remote monitoring of lamps parameters: current, voltage, power, number of working 
hours, brake-down, temperature, working level 
- Automatic work: power regulation (dimming) in order to programmed algorithm  
   
Technical parameters of HID converter 
 
- Lamps power: up to 400 W (in practice mostly occur power is 100 and 150 W) 
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- High efficiency: more than 90% 
- Data transmission is possible: DALI (Digital Addressable Lighting Interface), PLC or 
independent work 
- Working temperature: from -200C to +500C 
- Overall dimensions of metal enclosure: 185x86x45 mm 
 
Operation features 
 
- System is insensitive for voltage drops (stable light steam) 
- Overvoltage lamp protection \Lamp protection from over voltages (increasing life-
span of the lamps) 
- Hold lamps optimal point of work 
- 10-14% energy saving (high efficiency) 
- Additional savings in terms of steam regulations (up to 50%) 
- No light flicker and cyclic work  
- Starting current controlling (increasing life-span of the lamps) 
- One piece/part (easy use) 
- Remote communication (possible to build lighting systems)   
2.3.1.3. K-HID concentrator 
 
Main functions of K-HID concentrator 
 
- Communication with lamps controller through PLS and DALI protocols. 
- Time synchronization between lamps controllers and SCADA system 
- Sending data from lamps controllers to SCADA system through GPRS (monitoring), 
Modbus protocol 
- Controlling of lamp controllers work from SCADA system is possible  
- Sending text messages eg. Sms 
- Communication through texts (sms messages) 
- Data storage from lamp controllers in Flash memory 
- Compatible with external devices such as watt-hour meter, dusk sensors, rain sensors, 
etc. ) 
 
Technical parameters of K-HID concentrator 
 
- Flash memory (software memory), changing software via RS232 (serial terminal) is 
possible 
- Flash memory (data memory) for filing system (errors/alarms, tasks) 
- Communication terminals: RS232 - serial connection (information about device, 
software update), Ethernet, RS232 – GPRS modem, converter RS485, converter 
RS232/fiber-optic cable 
- Data transmission/sending speed up to 9600 byte 
- 8 dual-state inputs/terminals with shields (230V AC) 
- 1 impulse input/terminal with shield (for watt-hour meters) 
- 8 dual-state inputs/terminals, low power transmitters to contactors control 230V AC 
- 4 analog inputs/terminals in standard equipment 4-20mA and/or 0-5V 
- RTS (Real Time Strategy) 
- GPRS with antenna (energy storage for continuous supply is optional) 
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2.3.1.4. SCADA (Supervisory Control And Data Acquisition) System 
 
Main SCADA Functions 
 
- Visualization of light area, building, etc. (picture, drawing, map) 
- Presentation and filing system of events and errors (measurements errors, meters 
and/or counters errors) 
- Errors/alarms confirmation is possible 
- On-line presentation of every single lamp parameters 
- Service information (eg. warning that lamp should be changed) 
- Control: switch on/off the lamps, power level regulation, work time counters reset 
- Database of lighting system elements (fittings, light sources, street lighting boxes, 
system scheme, lamp post type, etc.)      
- Operating supervision ( saving data about light sources working time, energy 
consumption,  errors and repairing works   
- Concentrators time synchronization  
- Data exchange protocol from concentrator Modbus (TCP) through GPRS, Ethernet, 
RS485 
 
Technical parameters of SCADA 
 
- PC computer work (server) 
- Server www – access to data via web page (security, passwords system) 
- Operating system MS Windows 2000/XP/Vista 
- Communication interface – Ethernet, GPRS modem, Lighting modem, RS485 
- Database – SQL type, data export is possible (eg. Excel) 
 
Operation/Use 
 
Advantages of ‘Jupiter’ system: 
 
- Electrical energy saving from 20 to 50% thanks to higher efficiency of HID driver, 
power adjustment and luminous flax reduction in sodium-vapor, mercury-vapor, metal 
halide lamps is possible 
- Easy and less costly maintenance and service of street lighting system 
- Lighting quality improvement and increase road traffic safety 
- Expending live span of light sources for about 20% through set optimum working 
point and starting current control  
- Reduction of ‘lighting pollution’ factor through reduction lighting level in respect of 
road traffic intensity, a time of the day and year 
- Environment protection, co-finance/finance together with EU of RP 
- Cooperation with intelligent traffic system (ITS)   
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2.3.2. Jupiter application 
 
 
2.3.2.1. Configuration 
 
  
 
 
 
Fig. 2.20. “Jupiter” application – communication 
 
In this picture we can see very first screen  where any user must type in some basics 
parameters to starts the communication between the computer and concentrator. In this case 
communication is made by standard protocol RS485. Parameters which must be set up to 
appropriate connection between computer and concentrator are as follow: post number, 
number of bits per second, data bits, stop bits, even or odd, flow control, number of slave 
device. When we do that we press button connect and from now on we can control the system 
from our computer. In the right hand side of the screen we have overview on whole system, as 
we can see currently only group one is active and group four lamps. That kind of signatures 
mean that to concentrator are connected 4 fittings, but currently they are switch off. 
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2.3.2.2. Configuration – control mode 
 
 
Fig. 2.21. “Jupiter” application – configuration/control modes 
 
Next bookmark is called configuration as we can see in the right hand side there are 
more functions, but that ones I would like to describe with more details later on. So very first 
function from configuration bookmark is called control we can distinguish here three parts: 
demo, offset from the twilight sensor, and cascade function. Demo function is created to 
shows that system can smoothly decrease and increase luminous flux density of every single 
lamp. Demo takes about 30 minutes while luminous flux density is gradually decrease for 15 
minutes and for another 15 minutes is gradually increase.  
The system is switch on ether by signal from twilight sensor or by predefine schedule 
which will be describe in details later on. Offset from the twilight is very comfortable and 
useful function. Let suppose, we have such a situation when during the day suddenly 
cloudiness occur and in that situation our system should be switch on to increase safety, that 
purpose is save by twilight sensor. On the other hand when during the day cloudiness will 
change very fast our lamps will switch on and off several times what cause aimless energy 
losses. During the tests of the system we draw to the conclusion that after 10 minutes time one 
can say that cloudiness is permanent and indeed the system should be switch on.       
Last function in this bookmark is cascade. Cascade function is dedicated to secure power 
system. Sudden switch on of huge street lighting system can cause difficulties from supply 
side. To prevent this, user is allow to switch the system phase by phase and set up the time 
span between cascade steps. 
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2.3.2.3. Configuration – schedule  
 
 
 
 
 
Fig. 2.22. “Jupiter” application – configuration/schedule 
  
Another function from configuration bookmark is called schedule, as I was already wrote 
this is the second option which can starts up the system. In the picture, we can see how this 
bookmark looks like, here we have the times in which the system is switch on and off. This 
times are connected closely with sunrises and sunsets. Like we know every place in the world 
have they own sunrise time and sunset time depends on the geographical location and the 
date. For example between the Warsaw and Wroclaw the time difference is from 10 to 24 
minutes, it depends from the season. Schedule is made according to that knowledge and it is 
define for several years ahead. User can also modify the schedule if he wants, it is quite 
simple. It is sufficient to type in the hour you want press “save” button and the system can 
work even in the middle of the day. In the bottom of the picture there are two buttons: 
“synchronize time” and “default settings”. After click synchronize time button the time in 
concentrator and in computer will be synchronize. Default setting button gives the 
opportunity for user to come back to default setting after making mistakes in schedule 
modification. 
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2.3.2.4. Configuration – structure  
 
 
 
 
 
 
 
 
fitting number
conf
igura
tion
save structure
groups 
structure
refresh disconnect connect 
add fitting to the group
add 
map configuration
 
Fig. 2.23. “Jupiter” application – configuration/structure 
 
In this picture is presented next function which is called structure. This function creates 
the opportunity for users to put the system in order they like. In another words I can say that 
users can create groups of fittings to obtain most comfortable view on the system. To build 
the system in order the user like can be done by five clicks. Firstly, user must pick out the 
fitting number than press the button “+”, than choose the group into which they like add the 
fitting and press the button add fitting to the group and save the structure, work is done. In 
this window he can also put the signature of the fittings in the map, this function is available 
under the map configuration button. In this way management will be easy and clear.   
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2.3.2.5. Configuration – luminous flux regulation 
 
 
 
 
 
 
 
 
 
Fig. 2.24. “Jupiter” application – configuration/luminous flux regulation 
 
I would like to mention that there are two ways of control the system, user can do that 
ether by choosing automatic mode or manual mode. This bookmark is called luminous flux 
regulation it is dedicated to automatic mode. In the picture we can see that the user can define 
the times and percentage value of luminous flux. Decreasing of luminous flux is equal to 
saving energy and money. For instance, let suppose that our system is installed in the area of 
some company where after 10 pm nobody is at work and the luminous flux can be decrease 
event to 50%, than about 4 am when is possible that someone can come to work the luminous 
flux can be switch back to 100%. From simple calculation we have 6 hours of energy and 
money saving thanks to street lighting management system. This function gives opportunity 
for user to save the energy in the middle of the night without sitting in front of the computer 
screen. 
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2.3.2.6. Configuration – alerts  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.25. “Jupiter” application – configuration/alerts 
 
Alerts bookmark is dedicated for service and maintenance, the user will be received text 
massages in this mobile phone when something goes wrong with his system. For example, 
when the light source will burn out. In this window user have possibility to type in the mobile  
phone number and the PIN code for the cart placed inside the switchbox in the GPRS modem.   
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2.3.2.7. Events    
 
 
 
 
 
 
 
 
 
 
Fig. 2.26. “Jupiter” application – events 
 
In this picture we can see the events bookmark. Here we have listed all the events which 
occur in the system like: switch on, off, miscommunication with ballasts, information when 
the light source is burn out etc. Every single event have his own number, date, exact time, 
fitting number, announcement and status. To download list of events from concentrator to the 
computer we should press the button download events it takes some time because of the 
communication limitations. For one thousand records the time we should wait to download all 
events is around six minutes. In the bottom we have save events button which allow users to 
store the list of events in excel file. User can also define number of events which he can 
download from the concentrator.   
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2.3.2.8. Control 
 
 
 
 
 
 
 
Fig. 2.27. “Jupiter” application – control 
 
 
Control bookmark is one of the most important option for all street lighting management 
system. In this window we can see three sections: control mode, control and measured 
parameters. User can choose ether automatic mode or manual mode, when user choose 
manual mode he can control every single lamp in the system manually, he can switch on, 
switch off, switch maximum value of luminous flux, switch minimum value of luminous flax, 
switch define by user value of luminous flux. User can type in the value of the luminous flux 
which he like, but he can also do this by clicking on the buttons brighter, darker. Section 
dedicated to measuring gives for user information about the parameters of every single lamp. 
Most important is current luminous flux in percentage. User have continuous information 
about the lamps like: power, voltage, ballast temperature. The rest measured data like lamp-
burning hours can help to service the system and light source can be exchange before it burn 
out, after that user can delete the counter state. 
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2.3.2.9. System status     
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.28. “Jupiter” application – system status 
 
System status bookmark is prepared mostly for service needs. In the picture we can see 
that user can at any moment read which inputs and which outputs of the concentrator are 
used. There are several digital inputs and outputs which are marked when they are used. In 
this window we can also find information about the two analog inputs (AI1, AI2) and 
probably most important information for the user watt-hour counter. User can also change the 
counter coefficient what makes the application very flexible for any changes in the 
configuration of the system. 
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2.3.2.10. Help 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.29. “Jupiter” application – help 
 
The help bookmark is dedicated for users which have forgotten some functions and they 
want to refresh they memory. Under this bookmark he can fine the manual of the application. 
There are described and explained every single functions of the “Jupiter” application. 
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2.3.2.11. Map 
 
 
 
 
 
 
 
 
map
Fig. 2.30. “Jupiter” application – map 
 
This bookmark save the visualization goal. As I wrote above in structure section user can 
put the signatures of the lamps on the map and in this bookmark the user can see overall view 
his system. It is also possibility of control the system though this window. User can managed 
the system simple by double clicking on the lamp signature. This function is very comfortable 
for user, because he have no need to remember the lamp number and the place in which the 
lamp post is placed. If he do everything right in structure section ones, he probably will never 
change it. Moreover, he will be base on map section and control section.     
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3. Measurement report 
 
In this chapter I would like to show the results of measurements. It contain the measurements 
of currents, powers, voltages etc. for both examined stabilization-ignition systems (magnetic 
and electronic) working with two light sources (metal halide lamp and high pressure sodium 
lamp). I made the measurements to determine efficiency, draw luminous flux density 
characteristic and figure out the behavior of ballasts (stabilization-ignition systems) during the 
starting and disturbances.     
 
 
3.1. Starting 
 
Measurements – circuits diagrams are the same like in efficiency determination 
measurements. Circuit diagram of traditional stabilization-ignition system is presented in 
chapter 3.2.2.1 , circuit diagram of electronic stabilization-ignition system is presented in 
chapter 3.2.3.2.   
 
 
3.1.1. Settings 
 
Voltage divider calculations: 
 
Pikes of voltage during the starting can reach more than 5 [kV]. To have clear view on the 
pikes in voltage waveform on the oscilloscope screen, we have to use voltage divider. To 
calculate values of resistance in the voltage divider I made following assumptions. The 
maximum amplitude of the waveform which we can see in the oscilloscope is 40[V]. I wanted 
to be sure that I will be able to see all the pikes, so I have assumed that maximum amplitude 
of the low voltage would be 20 [V]  ( Vpike =20 [V] ). I have also assumed value of resistance 
R1=9 [kΩ] (the biggest available resistor). The bigger is the resistance connected in parallel to 
the circuit  the less current flow through the resistors and the voltage measurements are more 
accurate.  
 
 
Fig. 3.1. Voltage divide 
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1"  250 
 
9 >BC?  2501" 3 1" 
 
9 >BC?  2501" 3 1250 1"	 
 
Value of  2"E 1" can be neglected, because it is to small in comparison with 9000, so we can 
write: 
 
1" F 9000>BC?250  36>C? 
 
In most cases I was using that value of resistance R2, but in case of metal-halide lamp with 
electronic stabilization-ignition system I was change the value of resistance R2 to 118 [Ω] to 
have closer view on the pikes and increase accuracy of the measurements. According to that 
the ration is as follow: 
 
12 3 1"
1" 
9>BC? 3 118>C?
118>C?  77,3 
5000
64,7 
'45' 6$7895:
7$; 6$7895:  
 
3.2. Efficiency determination 
 
3.2.1. Devices list 
 
• Multifunctional AC Power Supply PCR-LA Series - KIKUSUI AC power supply  
 
PCR – 500LA 
AC 1 – 150V/ACZ – 300V, max. 500VA 
DC 1,4 – 212V/DC 2,8 – 424V, max. 250VA 
DC 1 – 999,9 Hz 
No. MG002331  
More information about device one can find in reference 
number 8 
 
• Fluke 1760 – POWER QUALITY RECORDER TOPAS 
 
No. 019/J-7/664-1/T/1189 
 
More information about measuring device one can find in reference 
number 9 
  Fig. 3.3. Fluke 1760 
Fig. 3.2. Power Supply 
(3.1) 
(3.2) 
(3.3) 
(3.4) 
(3.5) 
(3.6) 
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• Oscilloscope – LeCroy waveJet 314, 100Hz 
 
No. 019/J-7/664-1/T/1208 
 
More information about measuring device one can find in reference 
number 10 
 
 
• Resistors: 
 
R1: -accuracy class 0,1 
-No. 2203058 
R [Ω] Imax [mA] 
1000 20 
100 80 
10 300 
1 1000 
0,1 2500 
 
R2: - accuracy class 0,1  
 -No. 2770 
R [Ω] Imax [A] ± [%] 
10x10000 0,007 0,01 
10x1000 0,02 0,05 
10x100 0,07 0,05 
10x10 0,2 0,05 
10x1 0,7 0,5 
10x0,1 2 1,0 
  
 
• Light sources: 
 
High pressure sodium lamp – PHILIPS SON-T Plus 100W  
 
 
 
 
 
 
 
 
Metal halide lamp – OSRAM POWERSTAR 100W 
 
 
 
 
 
 
 
 
Fig. 3.4. Oscilloscope 
Fig. 3.5. Resistors R1 and R2 
Fig. 3.7  Metal halide lamp 
Fig. 3.6. High pressure sodium lamp 
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• Electronic stabilization-ignition system (EHID Converter): 
 
ELTAN EIN-HASHOFER EHID 100W MidNight 
Ref. Nr. 802.100 
Pn= 100 [W] 
Un= 220÷240±10% [V] 
In= 0,49÷0,45 [A] 
fn = DC/50/60 [Hz] 
λ ≥ 0,98 
THDA ≤ 10% 
 
More information about measuring device one can find in reference number 11 
 
 
• Traditional stabilization-ignition system (electromagnetic circuit) 
 
 
o Stabilizer – PHILIPS BSN 100 L33TS 
 
Pn=100[W] 
Un= 230 [V] 
fn = 50 [Hz] 
cos φ = 0,4 
 
 
o Capacitor – ARCOTRONIC E/5  
 
Un= 250 [V] 
fn= 50 [Hz] 
 
o Starter – PHILIPS  
 
Un= 220÷240 [V] 
fn= 50/60 [Hz] 
 
 
 
 
 
• Fitting: 
 
THORN – PILOTE T1 Pmax=150 [W] 
 
 
 
 
 
 
 
 
 
Fig. 3.8. Electronic 
stabilization-ignition system 
Fig. 3.9. Stabilizer 
Fig. 3.10. Starter 
Fig. 3.11.  Fitting 
38 
 
 
 
 
 
3.2.2. Traditional stabilization-ignition system 
 
Measurements – decrease value of supply voltage from nominal voltage (230 [V] – first 
measuring point) to the value of voltage in which light source stop working with step for high 
pressure sodium lamp equal about 20 [V] and for metal halide lamp equal about 8 [V]. Before 
we connect the measuring device (Fluke 1760), we have to check values of voltages and 
currents to avoid any damages of measuring device.  
 
3.2.2.1. Circuit diagrams 
 
The real and equivalent circuit used in efficiency determination, staring, waveforms and are 
shown below. 
 
 
• Real connection diagram: 
 
Fig. 3.12. Real connection diagram with traditional stabilization-ignition system 
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• Equivalent circuit: 
 
 
 
Fig. 3.13. Equivalent circuit with traditional stabilization-ignition system 
3.2.2.2. Table 
 
 
 
Table 3.1.  Results of traditional stabilization-ignition system analysis:  
Light 
Source 
P1 U1 I1 Q1 cos1 φ P2 U2 I2 Q2 cos2 φ 
[W] [V] [A] [Var] - [W] [V] [A] [Var] - 
HPS 
108,23 230 0,52186 48,085 0,91386 98,268 97,633 1,1991 29,983 0,95647 
91,342 210,20 0,45770 25,104 0,96425 84,048 97,644 1,0273 27,553 0,95024 
74,853 190,49 0,41028 18,049 0,97214 68,862 89,056 0,91663 22,480 0,95063 
60,117 170,36 0,36309 9,5233 0,98768 55,611 83,137 0,79349 19,154 0,94549 
46,815 150,35 0,31970 7,0884 0,98873 43,416 72,964 0,69813 14,705 0,94714 
36,379 130,33 0,28415 3,2986 0,99591 33,855 65,401 0,59481 10,689 0,95359 
27,444 110,40 0,25292 -2,2856 -0,99655 25,879 61,814 0,47211 7,8365 0,95708 
19,280 90,269 0,22029 -3,7450 -0,98165 18,377 54,521 0,37121 4,7982 0,96756 
11,660 70,266 0,17684 -3,7697 -0,95150 11,147 45,360 0,27165 3,0193 0,96522 
MH 
110,45 230,29 0,52373 44,986 0,92613 100,45 97,019 1,1851 29,138 0,96041 
103,81 222,41 0,49857 35,363 0,94658 94,782 96,995 1,1169 27,692 0,95987 
97,290 214,29 0,47571 26,200 0,96560 89,349 97,139 1,0490 26,988 0,95728 
89,578 206,30 0,44883 18,044 0,98031 82,726 97,316 0,98057 27,089 0,95035 
83,755 198,28 0,43202 11,090 0,99135 77,828 97,585 0,91831 25,801 0,94920 
77,183 190,28 0,41254 3,5341 0,99895 72,028 98,493 0,84999 25,652 0,94204 
69,013 182,26 0,38764 -5,5451 -0,99679 64,816 100,87 0,76696 26,866 0,92379 
59,420 174,35 0,36507 -16,413 -0,96391 56,153 106,25 0,66587 29,288 0,88665 
53,696 170,36 0,35853 -24,106 -0,91228 50,963 110,70 0,59979 30,549 0,85771 
 
 
3.2.3. Electronic stabilization-ignition system 
 
Measurements – decrease value of secondary power from nominal value (100 [W] – first 
measuring point) to the value of power in which light source stop working, with step for high 
pressure sodium lamp equal about 10 [%] and for metal halide lamp equal about 5 [%].To 
execute the required values of power we should first enter the sequence code to electronic 
ballast. Before we connect the measuring device (Fluke 1760), we have to check values of 
voltages and currents to avoid any damages of measuring device. 
3.2.3.1. Settings  
 
Electronic stabilization-system can control the power delivered to the light source. To force 
the ballast to increase or decrease the power, we should firstly enter the sequence code to it. 
The data is transferred by a sequence of on-and-off switching’s of the ballast. After switching 
off, at least 5 seconds must be allowed before switching on again, in order to enable the 
ballast to fully deactivate.  In order to implement its different operation modes, the ballast 
requires the following four parameters: 
 
• T1 – first operation time 
• T2 – second operation time 
• Mode – After Start or Midnight mode 
• DimLevel – dimming level 
• PowerOnLevel – Normal Operating Level 
  
 
Fig. 3.14. Required parameters to programmed the electronic ballast –After Start Mode 
 
In all cases I was using the After Start Mode and because of that I do not presented the 
structure of Midnight mode. This structure can be find in attachment nr.4. In the figure above 
all required parameters are depicted. The sequence code must consist following parts in the 
presented order: 
 
1. Start Code - 4-6 seconds on, off, 4-6 seconds on, off 
2. Mode - After Start: 4-7 seconds on, off; Midnight: 8-12 seconds on, off 
3. T1 - On for a number of seconds (each 2 second adds 15 minutes), off. 
Example: on for 16 seconds, off  T1 = 2 hours. 
Maximum T1/T2 = 14 hours (112-120 seconds on). 
4. T2 - On for a number of seconds (each 2 second adds 15 minutes), off. 
Example: on for 16 seconds, off  T1 = 2 hours. 
Maximum T1/T2 = 14 hours (112-120 seconds on). 
5. DimLevel - On for a number of seconds (each 2 second lowers the output by 5%), off. 
Examples: 2 second  100%, 4 seconds  95%, 8 second  85% etc. 
Minimum Level = 5% (42-120 seconds on) 
42 
 
6. PowerOn Level - On for a number of seconds  
(each 2 second lowers the output by 5%), off. 
Examples: 2 second  100%, 4 seconds  95%, 8 second  85% etc. 
Minimum Level = 5% (42-120 seconds on) 
7. Stop Code - 4-6 seconds on, off 
 
If a nonworking data is received by the ballast, the process returns to its starting point and the 
lamp shall ignite after 120 seconds. On first time the ballast is turned on (entering 
configuration process), the lamp shall ignite after 7 seconds. Willful return to the starting 
point may be achieved by activating the ballast for more than 120 seconds. 
 
Below we can see the sequence codes which I must have entered to the electronic ballast 
before I ran the tests, to set up the required power   
 
• Power On Level = 100%; Dim Level = 90%; T1 = 15 min.; T2 = 15 min.; 
Mode = After Start 
 
Fig. 3.15. Sequence code to electronic stabilization-ignition system – 
 Power On Level – 100%, Dim Level – 90% 
 
• Power On Level = 80%; Dim Level = 70%; T1 = 15 min.; T2 = 15 min. 
Mode = After Start 
 
Fig. 3.16. Sequence code to electronic stabilization-ignition system - Power On Level – 80%, 
Dim Level – 70% 
 
• Power On Level = 60%; Dim Level = 50%; T1 = 15 min.; T2 = 15 min. 
Mode = After Start 
 
Fig. 3.17. Sequence code to electronic stabilization-ignition system - Power On Level – 60%, 
Dim Level – 50% 
 
• Power On Level=40%; Dim Level = 30%; T1 = 15 min.; T2 = 15 min.; 
Mode = After Start 
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Fig. 3.18. Sequence code to electronic stabilization-ignition system - Power On Level – 40%, 
Dim Level – 30% 
 
• Power On Level = 20%; Dim Level = 100%; T1 = 15 min.; T2 = 15 min.; 
Mode = After Start 
 
 
Fig. 3.19. Sequence code to electronic stabilization-ignition system - Power On Level – 20%, 
Dim Level – 100% 
3.2.3.2. Circuit diagrams 
 
The real and equivalent circuit used in efficiency determination, staring, waveforms and are 
shown below. 
 
• Real connection diagram: 
 
Fig. 3.20. Real connection diagram with electronic stabilization-ignition system 
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• Equivalent circuit: 
 
 
 
 
 
 
 
 
 
Fig. 3.21. Equivalent circuit with electronic stabilization-ignition system 
 
3.2.3.3. Table 
 
 
 
Table 3.2.  Results of electronic stabilization-ignition system analysis:  
Light 
Source 
P1 U1 I1 Q1 cos1 φ P2 U2 I2 Q2 cos2 φ 
[W] [V] [A] [Var] - [W] [V] [A] [Var] - 
HPS 
104,73 230,27 0,45713 -1,6479 -0,99988 97,767 96,746 1,0108 -65,098 -0,83237 
99,878 230,27 0,43643 -4,7833 -0,99886 92,993 93,276 0,99730 -61,613 -0,83363 
89,016 230,19 0,38967 -5,7168 -0,99794 82,731 88,730 0,93265 -54,355 -0,83273 
83,871 230,18 0,36750 -6,1476 -0,99732 77,581 84,493 0,91839 -51,487 -0,83225 
73,779 230,19 0,32393 -6,5012 -0,99614 68,267 81,756 0,83519 -44,861 -0,83325 
63,753 230,22 0,28067 -6,8826 -0,99422 58,583 78,804 0,74356 -38,505 -0,83210 
48,179 230,23 0,21382 -7,1886 -0,98905 43,837 71,625 0,61228 -28,894 -0,83324 
39,025 230,22 0,17477 -7,2282 -0,98328 34,899 60,762 0,57458 -23,005 -0,83492 
33,290 230,22 0,15073 -7,7206 -0,97414 29,850 67,415 0,44305 -19,702 -0,83460 
23,215 230,22 0,11755 -3,8683 -0,98640 21,507 67,388 0,31953 -14,192 -0,83465 
MH 
104,95 230,28 0,45845 -4,8935 -0,99891 97,814 94,078 1,0402 -64,407 -0,83520 
100,15 230,27 0,43756 -4,7035 -0,99890 92,775 94,051 0,98688 -61,132 -0,83502 
94,294 230,26 0,41226 -5,1815 -0,99849 87,620 93,331 0,93908 -58,259 -0,83273 
90,622 230,21 0,39644 -5,3028 -0,99829 84,316 93,439 0,90264 -56,167 -0,99829 
79,004 230,30 0,34623 -6,1770 -0,99696 73,517 94,203 0,78066 -48,782 -0,83325 
75,949 230,21 0,33315 -6,1686 -0,99672 70,602 95,071 0,74289 -47,059 -0,83210 
68,183 230,30 0,29953 -6,4865 -0,99551 63,345 95,622 0,66283 -42,034 -0,83324 
63,335 230,31 0,27883 -6,8334 -0,99423 58,997 95,502 0,61849 -38,962 -0,83445 
48,473 230,31 0,21503 -7,1615 -0,98926 45,103 100,13 0,45460 -29,131 -0,84002 
3.3. Characteristic curve of luminous flux dendity 
 
3.3.1. Devices list 
 
• Ammeter: 
 
-Electromagnetic 
-Accuracy class: 0,5 
-αmax =60 
-Current ranges: 
Irange [A] 0,6 1,2 3 6 12 30 
Z50Hz [mΩ] 350 150 34 13 6,3 3,2 
-f =40..50..400 [Hz] 
-Type LE-3P 
-No. RP196140 
 
• Voltmeter: 
 
-Electromagnetic 
-Accuracy class: 0,5 
-αmax = 300 
-Voltage ranges:  
Urange [V] 150 300 
I [mA] 45 22,5 
-f = 30..50..100 [Hz] 
-Type LE-1 
-No. I8-IVa – 3100c 
 
• Wattmeter 
 
-With permanent magnets  
-Accuracy class: 0,5 
-αmax =100 
-Voltage ranges: 400, 200, 100 
Z/U=150Ω/V 
-Current ranges 
Irange [A] R [mΩ] L [µH] 
1 820 1550 
2 220 400 
-f = 15..50..200 [Hz] 
-No. I8-IVa – 153  
 
 
• Luxmeter – digital luksometr type PU550  
 
-accuracy class: 4  
-ranges: 20, 200, 2000, 20k, 100k 
Fig. 3.22. 
Ammeter 
Fig. 3.23. 
Voltmeter 
Fig. 3.24. 
Wattmeter 
Fig. 3.25. Luxmeter 
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• Traditional stabilization-ignition system 
 
Description and the picture of this device we can find in chapter  3.2.1. The list of devices. 
More information can be also find in reference number 11. 
 
• Electronic stabilization-ignition system 
 
Description and the pictures of this devices we can find in chapter  3.2.1. The list of devices 
 
• Light sources 
 
Description of this device we can find in chapter  3.2.1. The list of devices 
 
 
3.3.2. Traditional stabilization-ignition system 
 
Measurements – decrease value of supply voltage from nominal voltage (230 [V] – first 
measuring point) to the value of voltage in which light source stop working, with step for high 
pressure sodium lamp and metal halide lamp equal about 10 [V]. 
3.3.2.1. Circuit diagrams 
 
The real and equivalent circuit used in luminous flux density measurements is shown below. 
 
 
• Real connection diagram: 
 
 
 
Fig. 3.26. Real circuit diagram with traditional stabilization-ignition system 
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• Equivalent circuit: 
 
Fig. 3.27. Equivalent circuit with traditional stabilization-ignition system 
 
3.3.2.2. Table 
 
Table 3.3. Traditional stabilization-ignition system – results of luminous flux density 
measurements: 
 
Light 
Source 
P I U E 
 
C 
[W/grad]
 
α  
[grad] 
C  
[A/grad] 
α 
[grad] 
C 
[V/grad] 
α  
[grad] [lx] 
HPS 
2 52,0 0,02 34,0 1 230 680 
1 100,0 0,02 40,0 1 226 600 
1 95,0 0,02 36,0 1 220 553 
1 86,5 0,02 35,0 1 210 488 
1 79,2 0,02 35,0 1 200 431 
1 72,1 0,02 33,3 1 190 378 
1 63,5 0,02 31,5 1 180 300 
1 57,3 0,02 40,0 1 170 253 
1 50,0 0,02 30,0 1 160 196,2 
1 44,5 0,02 28,0 1 150 162,7 
1 39,5 0,02 27,0 1 140 132,1 
1 34,7 0,02 24,0 1 130 111,5 
1 29,8 0,02 21,8 1 120 89,4 
1 25,9 0,02 19,5 1 110 76,8 
1 21,5 0,01 40 1 100 64,2 
1 17,9 0,01 33 1 90 56,9 
 
 
MH 
2 53,0 0,02 32,0 1 230 1057 
1 99,0 0,02 35,0 1 220 985 
1 90,5 0,02 35,0 1 210 873 
1 82,8 0,02 34,0 1 200 763 
1 75,0 0,02 35,0 1 190 660 
1 66,0 0,02 34,5 1 180 525 
1 57,5 0,02 42,0 1 170 400 
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3.3.3.  Electronic stabilization-ignition system 
 
Measurements – decrease value of secondary power from nominal value (100 [W] – first 
measuring point) to the value of power in which light source stop working, with step for high 
pressure sodium lamp and metal halide lamp equal about 10 [%]. To execute the required 
values of power we should first enter the sequence code to electronic ballast.  Required 
measuring devices: ammeter, voltmeter, wattmeter, luxmeter.   
3.3.3.1. Settings 
 
The theoretical explanation of setting the electronic ballast we can find in chapter 3.2.3.1 
settings. The measurements of luminous flux density required to entered different sequence 
codes than in efficiency test. According to that below we can see the sequence codes which I 
must have entered to the electronic ballast before the measurements of luminous flux density.  
 
• Power On Level = 100% ; Dim Level = 95%; T1 = 15 min.; T2 = 15 min.; 
Mode = After Start 
 
Fig. 3.28. Sequence code to electronic stabilization-ignition system – 
 Power On Level – 100%, Dim level – 95% 
 
• Power On Level = 90%; Dim Level = 80%; T1 = 15 min.; T2 = 15 min.;  
Mode = After Start 
 
Fig. 3.29. Sequence code to electronic stabilization-ignition system - Power On Level – 90%, 
Dim level – 80% 
 
• Power On Level = 75%; Dim Level = 70%; T1 = 15 min.; T2 = 15 min.; 
Mode = After Start 
 
Fig. 3.30. Sequence code to electronic stabilization-ignition system - Power On Level – 75%, 
Dim level – 70% 
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• Power On Level = 60%; Dim Level = 50%; T1 = 15 min.; T2 = 15 min.; 
Mode = After Start 
 
Fig. 3.31. Sequence code to electronic stabilization-ignition system - Power On Level – 60%, 
Dim level – 50% 
 
3.3.3.2. Circuit diagrams 
 
The real and equivalent circuit used in luminous flux density measurements is shown below. 
 
• Real connection diagram: 
 
 
Fig. 3.32. Real circuit diagram with traditional stabilization-ignition system 
 
• Equivalent circuits: 
 
 
Fig. 3.33. Equivalent circuit with traditional stabilization-ignition system 
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3.3.3.3. Table 
 
 
Table 3.4.    Electronic stabilization-ignition system – results of luminous flux density 
measurements: 
Light 
Source 
P I U E 
 
C 
[W/grad]
 
α [grad] C [A/grad] α [grad] 
C 
[V/grad] α [grad] [lx] 
HPS 
2 51,5 0,01 48,5 1 230 743 
1 99,3 0,01 46,0 1 230 696 
1 88,8 0,01 41,5 1 230 608 
1 82,9 0,01 39,0 1 230 538 
1 72,9 0,01 34,5 1 230 448 
1 62,1 0,01 30,0 1 230 313 
1 52,0 0,01 25,1 1 230 230 
1 42,0 0,01 21,0 1 230 177,2 
1 32,5 0,01 17,0 1 230 112,8 
1 21,0 0,01 13,0 1 230 73,2 
MH 
2 51,5 0,01 48,5 1 230 1113 
1 99,1 0,01 45,8 1 230 1059 
1 87,2 0,01 40,9 1 230 896 
1 82,4 0,01 38,9 1 230 817 
1 71,8 0,01 34,0 1 230 644 
1 61,9 0,01 29,8 1 230 475 
1 51,1 0,01 25,0 1 230 305 
 
 
 
3.4. Disturbances 
 
• Measurements   
 
Circuit diagrams for disturbances measurements are the same like for efficiency 
measurements. Circuit diagrams of traditional stabilization-ignition system we can find in 
chapter 3.2.2.1 and circuit diagrams of electronic stabilization-ignition system we can find in 
chapter 3.2.3.2. To make a measurements I must have used special controllable voltage source 
which allow to program duration and voltage level. The level of simulated overvoltage was 
equal 110% of rated voltage. Bigger values of voltage could cause damages in measuring 
circuit. The levels of dips were set downwards with 10% step, simulation stops when the light 
source is turned off. Interval of time for the voltage to increase (pop) or decries (dip) is equal 
12 cycles of grid voltage (240 [ms]), voltage change duration is 5,5 cycles (110 [ms]), interval 
of time for the voltage to increase (pop) or decries (dip) is12 cycles of grid voltage (240 [ms])        
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3.4.1. Settings 
 
 
To simulate voltage disturbances I have used special controllable voltage source which allow 
to program, among the other, four basic parameters which describe voltage disturbance. In the 
figure 3.34 this four parameters are depicted and like we can see they are: slope time 1 (T1), 
voltage change duration (T2), slope time2 (T3), voltage variation – level of voltage during the 
disturbance. 
T1
T2
T3
 
Fig. 3.34. Disturbances setting parameters 
 
T1 – Slope time 1 – interval of time for the voltage to increase (pop) or decries (dip) from the 
initial value to final value specified as abnormal voltage (voltage variation) 
 
T2 – Voltage change duration – interval of the time which elapses from the end of previous 
voltage change to the beginning of the next voltage change the voltage is maintained from 
voltage variation during the interval. 
 
T3 – Slope time 2 – interval of time for the voltage to increase (pop) or decries (dip) from the 
initial value to final value specified as abnormal voltage (voltage variation) to the initial value 
  
Voltage variation level – indicates how big is disturbance.  
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Table 3.5. Traditional stabilization-ignition system – disturbances parameters 
 
 
Light 
Source 
Slope 
time 1 
Voltage change 
duration 
Slop 
time 2 
Relative voltage 
variation 
Voltage 
variation 
T1 T2 T3 U U 
[ms] [ms] [ms] [%] [V] 
 
HPS 
240 110 240 110 253 
240 110 240 90 207 
240 110 240 80 184 
240 110 240 70 161 
240 110 240 60 138 
 
MH 
240 110 240 110 253 
240 110 240 90 207 
240 110 240 80 184 
240 110 240 70 161 
240 110 240 60 138 
 
 
 
Table 3.6. Electronic stabilization-ignition system – disturbances parameters 
 
 
Light 
Source 
Slope 
time 1 
Voltage change 
duration 
Slop 
time 2 
Relative voltage 
variation 
Voltage 
variation 
T1 T2 T3 U U 
[ms] [ms] [ms] [%] [V] 
 
HPS 
240 110 240 110 253 
240 110 240 90 207 
240 110 240 80 184 
240 110 240 70 161 
240 110 240 60 138 
 
MH 
240 110 240 110 253 
240 110 240 90 207 
240 110 240 80 184 
240 110 240 70 161 
240 110 240 60 138 
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4. Results  
 
This chapter is dedicated to comparison the measurements results and to draw conclusions. 
After process the measurements data I compared the waveforms, charts and tables to figure 
out which of the examined stabilization-ignition systems is better. I also compare examined 
light sources and draw a conclusions. The areas of interest are waveforms, starting, efficiency, 
luminous flux density and disturbances.     
4.1. Currents and voltages waveforms 
 
Record currents and voltages waveforms. Main purpose of recording the currents and voltages 
waveforms is characterize the behaviors of the ballasts (electronic one and magnetic) working 
with different light sources (HPS and MH lamp) at different levels of supplied power. 
Analyze and draw a conclusions according to currents and voltages waveforms. In addition 
we can also verify theoretical data from specification of electronic ballast, which gives the 
information about shape (square) and frequency (83 [Hz]) of secondary (after ballast) voltage. 
We can also analyze the waveforms especially focus on how the luminous flux density is 
controlled. Control of power in electronic ballast is realized by programmed code inside the 
ballast. Control of power in traditional ballast is realized by changing the value of voltage 
which supply the circuit with light source. 
   
Measurements – record currents and voltage waveforms during the efficiency measurements 
in Fluke application. Circuit diagrams for traditional ballast is the same like in chapter 3.2.2.1 
and circuit diagrams for electronic ballast is the same like in chapter 3.2.3.2. 
 
I will show only three points for each light source from whole range of results, mainly 
because in my opinion to many data will do not give clear overall picture of the way of 
luminous flux control. First point will be at nominal power, second at minimal power and 
third somewhere in the middle of this first two. 
 
During the measurements I was able to gathered not only the RMS values of currents, 
voltages, real powers, reactive power,  and cosφ, what is presented in tables 3.1 and 3.2,  but 
also a waveforms and vector charts of currents and voltages as well as currents and voltages 
FFT spectrums. In this chapter I would like to show some waveforms of primary and 
secondary current and primary and secondary voltage as well. I divide this section according 
to light source and compare different types of stabilization-ignition systems.   
 
4.1.1. HPS lamp 
 
The theoretical range of control for HPS lamps is from 100% to about 30%. In this particular 
case the range of control for HPS lamp with traditional stabilization-ignition circuit is from 
100% to 11% and with electronic stabilization-ignition circuit from 100% to 23%. I would 
like to show currents and voltages waveform for three points from tables 3.1. and table 3.2.  
and compare traditional and electrical stabilization-ignition systems on that base. First one at 
maximum power, second one at minimum power and third one in the middle of the range 
determine by previous two points.  
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Fig.4.2.  V1,V2,I1,I2=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp at P=104[W] 
- VL1 – primary voltage - IL2 – primary current 
  
Fig.4.1.  V1,V2,I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp at P=108[W] 
- VL1 – primary voltage - IL2 – primary current 
- VL1 – secondary voltage - IL2 – secondary current - VL1 – secondary voltage - IL2 – secondary current 
Fig.4.4.  V1,V2,I1,I2=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp at P=63[W] 
- VL1 – primary voltage - IL2 – primary current 
  
Fig.4.3.  V1,V2,I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp at P=60 [W] 
- VL1 – primary voltage - IL2 – primary current 
- VL1 – secondary voltage - IL2 – secondary current - VL1 – secondary voltage - IL2 – secondary current 
Fig.4.6.  V1,V2,I1,I2=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp at P=23[W] 
- VL1 – primary voltage - IL2 – primary current 
  
Fig.4.5.  V1,V2,I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp at P=19 [W] 
- VL1 – primary voltage - IL2 – primary current 
- VL1 – secondary voltage - IL2 – secondary current - VL1 – secondary voltage - IL2 – secondary current 
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Fig.4.8.  V1,V2,I1,I2=f(t) waveforms for electronic 
stabilization-ignition system with MH lamp at P=104[W] 
- VL1 – primary voltage - IL2 – primary current 
  
Fig.4.7.  V1,V2,I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp at P=103[W] 
- VL1 – primary voltage - IL2 – primary current 
- VL1 – secondary voltage - IL2 – secondary current - VL1 – secondary voltage - IL2 – secondary current 
Fig.4.10.  V1,V2,I1,I2=f(t) waveforms for electronic 
stabilization-ignition system with MH lamp at P=79[W] 
- VL1 – primary voltage - IL2 – primary current 
  
Fig.4.9.  V1,V2,I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp at P=77[W] 
- VL1 – primary voltage - IL2 – primary current 
- VL1 – secondary voltage - IL2 – secondary current - VL1 – secondary voltage - IL2 – secondary current 
4.1.2. MH lamp 
 
The theoretical range of control for MH lamps is from 100% to about 50%. In this particular 
case the range of control for HPS lamp with traditional stabilization-ignition circuit is from 
100% to 50% and with electronic stabilization-ignition circuit from 100% to 45%. I would 
like to show currents and voltages waveform for three points from tables 3.1. and table 3.2.  
and compare traditional and electrical stabilization-ignition systems on that base. First one at 
maximum power, second one at minimum power and third one in the middle of the range 
determine by previous two points.  
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Fig.4.12.  V1,V2,I1,I2=f(t) waveforms for electronic 
stabilization-ignition system with MH lamp at P=48[W] 
- VL1 – primary voltage - IL2 – primary current 
  
Fig.4.11.  V1,V2,I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp at P=53[W] 
- VL1 – primary voltage - IL2 – primary current 
- VL1 – secondary voltage - IL2 – secondary current - VL1 – secondary voltage - IL2 – secondary current 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.1.3. Conclusions 
 
First of all I would like to compare the currents (primary and secondary) and voltages 
(primary and secondary) waveforms for traditional stabilization-ignition system working with 
HPS and MH lamp. We can see that the shapes of primary voltage waveforms and secondary 
current waveforms are very close to sinusoidal at all examined range of power. We can also 
see that the shape of primary current waveforms and secondary voltage waveforms are close 
to trapezoidal and they become more and more disturb, when the value of input power is 
decreased. In addition at nominal working point between primary current waveforms and 
primary voltage waveforms phase displacement occurred, but when value of input power 
decreases the phase displacement become smaller and at minimal power it is not visible. We 
can see from secondary current and voltage waveforms that they are in phase with themselves 
at whole range of examined power. When we compare currents and voltage waveforms for 
different type of light sources working with traditional ballast, we can see that the shape of 
waveforms are similar at nominal power , but they become very different at minimal input 
power. Worse shape occurred in metal halide lamp than in high pressure sodium lamp. 
 
Second of all I would like to compare the currents (primary and secondary) and voltages 
(primary and secondary) waveforms for electronic stabilization-ignition system working with 
HPS and MH lamp. We can see that the shapes of primary voltage waveforms and primary 
current waveforms are very close to sinusoidal at all examined range of power. In addition we 
can see that this two waveforms are in phase with themselves at all range of examined power 
what make a different between the ballast and show that electronic one is better. We can also 
see that the shape of secondary voltage waveform is square and the frequency of it is equal 83 
[Hz]. This conclusion confirm theoretical data from electrical stabilization-ignition 
specification. In addition we can see that this two waveforms are in phase with themselves at 
all range of examined power. When I compare the currents and voltages waveforms of both 
examined light sources working with electrical ballast I notice that the shapes of waveforms 
are the same. Only one exception we can notice in figure 4.6, where the shape of primary 
current waveform is very different than sinusoidal, this fact flows from unstable work of light 
source supplied by to low power.  
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Fig.4.14.  V2=f(t) waveforms for electronic stabilization-
ignition system with HPS lamp 
Time base – 10 [ms] Voltage range – 5[V/grad] 
  
Fig.4.13.  V2=f(t) waveforms for traditional stabilization-
ignition system with HPS lamp 
Time base – 10 [ms] Voltage range – 10[V/grad] 
Third of all I would like to conclude that from presented above waveforms we can see that 
electronic stabilization-ignition system controlled the luminous flux of light sources through 
control the secondary voltage level. 
 
4.2. Starting 
 
• Ignition current: 
 
Record the primary currents waveforms for traditional and electronic stabilization-ignition 
system working with both examined light sources (HPS and MH lamp) during the ignition. 
Compare and analyze recorded waveforms for both ballasts and verify theoretical data from 
electronic ballast specification (limiting the inrush currents) 
 
• Ignition voltage 
 
Record the secondary voltages waveforms for traditional and electronic stabilization-ignition 
systems working with both examined light sources (HPS and MH lamp) during the ignition. 
Compare and analyze recorded waveforms for both ballasts. 
 
• Starting time (duration) and process 
 
During the ignition and starting process constant control the input power measurements to 
determine the starting time (duration) (how much time the ballast need to reach 100% of rated 
power) and determine the behavior of the ballasts. Describe the visual effects during the 
starting. Compare and analyze gathered data for both examined ballasts (traditional and 
electronic) working with both examined light sources (HPS and MH). 
 
 
4.2.1. Ignition voltage waveforms 
 
Below are shown the secondary voltage waveforms during the ignition took form the 
oscilloscope. 
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Fig.4.20.  V1,I1=f(t) waveforms for electronic 
stabilization-ignition system with MH lamp at P=6,4[W] 
- VL1 – primary voltage - IL1 – primary  current 
  
Fig.4.19.  V1,I1=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp at P=5,1[W] 
-VL1 – primary voltage - IL1 – primary current 
Fig.4.18.  V2=f(t) waveforms for electronic stabilization-
ignition system with MH lamp 
Time base – 5 [ms]  Voltage range – 10[V/grad] 
  
Fig.4.17.  V2=f(t) waveforms for traditional stabilization-
ignition system with MH lamp 
Time base – 5 [ms] Voltage range – 10[V/grad] 
Fig.4.16.  V2=f(t) waveforms for electronic stabilization-
ignition system with HPS lamp 
 
Time base – 5 [ms]  Voltage range – 5[V/grad] 
  
Fig.4.15.  V2=f(t) waveforms for traditional stabilization-
ignition system with HPS lamp 
 
Time base – 5 [ms] Voltage range – 10[V/grad] 
 
 
4.2.2. Starting waveforms 
 
The figures below shown the primary voltages and currents waveforms during the starting of 
traditional and electronic stabilization-ignition system. 
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Fig.4.22.  V1,I1=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp at P=63,3[W] 
- VL1 – primary voltage - IL1 – primary current 
  
Fig.4.21.  V1,I1=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp at P=63,6[W] 
-VL1 – primary voltage - IL1 – primary current 
Fig.4.24.  V1,I1=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp at P=87,8[W] 
- VL1 – primary voltage - IL1 – primary current 
  
Fig.4.23.  V1,I1=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp at P=82,9[W] 
-VL1 – primary voltage - IL1 – primary current 
Fig.4.26.  V1,I1=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp at P=106[W] 
- VL1 – primary voltage - IL1 – primary current 
  
Fig.4.25. V1,I1=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp at P=105[W] 
-VL1 – primary voltage - IL1 – primary current 
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4.2.3. Conclusions 
 
• Ignition current: 
 
From comparison of primary (before the ballast) currents and voltages waveforms during the 
ignition of electronic and traditional stabilization-ignition system (figure 4.19 and 4.20) we 
can draw few conclusions. First of all we can see that for traditional ballast pikes in current 
waveform reach around 2,9 [A], on the other hand in electronic ballast pikes in current 
waveform reach only 0,18 [A] what is more than 16 times greater in comparison with 
traditional circuit. According to that we can say that electronic ballast is able to limit ignition 
current, what expend number of light sources burning hours.    
 
When we compare currents and voltages waveforms for the second point of starting process 
(figure 4.21 and 4.22), we can see that in traditional circuit current and voltage waveforms are 
shifted and the shape of current waveform is very different than sinusoidal. When we consider 
the electronic circuit the situation is completely different. The current and voltage waveforms 
are in phase with themselves and the shape of current waveform is close to sinusoidal. 
When we compare currents and voltages waveforms for the next point of starting process 
(figure 4.23 and 4.24), we can see that in traditional circuit current and voltage waveforms are 
still   shifted and the shape of current waveform is even more different than sinusoidal. When 
we consider the electronic circuit the situation is completely different. The current and voltage 
waveforms are in phase with themselves and the shape of current waveform is very close to 
sinusoidal this time. 
 
Last point in starting process is also first one in hitting process of light source. When we 
compare currents and voltages waveforms for that point of starting process (figure 4.25 and 
4.26), we can see that in traditional circuit current and voltage waveforms are only little 
shifted and the shape of current waveform looks more like trapezoidal than sinusoidal. When 
we consider the electronic circuit the situation is completely different. The current and voltage 
waveforms are in phase with themselves and the shape of current waveform is very close to 
sinusoidal. 
 
• Ignition voltage 
 
In figure 4.13 and 4.15 we can see the pikes of voltage which supply high pressure sodium 
light source and in figure 4.17 we can see the pikes of voltage which supply metal halide light 
source both connected to traditional stabilization-ignition system. From the oscilloscope 
waveforms we take the value of highest voltage pike which is equal 2,5 graduation for both 
examined light sources. Oscilloscope constant is 10 [V/grad] and after multiplication we 
obtain value of voltage pike which is equal 25 [V]. We have to take into consideration values 
of resistances in voltage divider (R1=9 [kΩ], R2=36 [Ω]) and use the equation (R1+R2)/R2 to 
compute voltage divider constant which is equal 251. After multiplication the divider constant 
and value taken from oscilloscope (25*251) we obtain value of pike voltage which occur 
during the ignition 6275 [V]. We can draw w conclusion that voltage during the ignition of 
traditional stabilization-ignition circuit working with HPS and MH lamp reach about 6,3 [kV]. 
Another conclusion is that value of pike voltage in secondary side of traditional circuit during 
the ignition does not depend on the type light source. The voltage pikes occurred in maximum 
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and minimum points of sinusoidal waveform, what means two times for one cycle and 
according to that the frequency of pikes is equal 100 [Hz]. 
 
 
In figure 4.14 and 4.16 we can see the pikes of voltage which supply high pressure sodium 
light source connected to electronic stabilization-ignition system. From the oscilloscope 
waveforms, we take the value of highest voltage pike which is equal 3 graduation for 
examined light sources. Oscilloscope constant is 5 [V/grad] and after multiplication we obtain 
value of voltage pike which is equal 15 [V]. We have to take into consideration values of 
resistances in voltage divider (R1=9 [kΩ], R2=36 [Ω]) and use the equation (R1+R2)/R2 to 
compute voltage divider constant which is equal 251. After multiplication the divider constant 
and value taken from oscilloscope (15*251) we obtain value of pike voltage which occur 
during the ignition 3765 [V]. We can draw to a conclusion that voltage during the ignition of 
electronic stabilization-ignition circuit working with HPS lamp reach about 3,8 [kV]. During 
normal operation the shape of secondary voltage of electronic ballast is square waveform with 
frequency equal 83 [Hz]. But during the ignition pikes occurred, when the voltage crosses 
zero points (square waveform), what means two times for cycle. The frequency of ignition 
voltage is smaller than in normal working and is equal 30[Hz]. According to previous 
information the frequency of pikes is equal 60[Hz]. 
 
In figure 4.18 we can see the pikes of voltage which supply metal halide light source 
connected to electronic stabilization-ignition system. From the oscilloscope waveforms, we 
take the value of highest voltage pike which is equal 5 graduation for examined light sources. 
Oscilloscope constant is 10 [V/grad] and after multiplication we obtain value of voltage pike 
which is equal 50 [V]. We have to take into consideration values of resistances in voltage 
divider (R1=9 [kΩ], R2=118 [Ω]) and use the equation (R1+R2)/R2 to compute voltage 
divider constant which is equal 77,3. After multiplication the divider constant and value taken 
from oscilloscope (50*77,3) we obtain value of pike voltage which occur during the ignition 
3865 [V]. We can draw to a conclusion that voltage during the ignition of electronic 
stabilization-ignition circuit working with MH lamp reach about 3,9 [kV]. During normal 
operation the shape of secondary voltage of electronic ballast is square waveform with 
frequency equal 83 [Hz]. But during the ignition pikes occurred, when the voltage crosses 
zero points (square waveform), what means two times for cycle. The frequency of ignition 
voltage is smaller than in normal working and is equal 50[Hz]. According to previous 
information the frequency of pikes is equal 100[Hz]. 
 
Another conclusion is that value of pike voltage in secondary side of electronic circuit during 
the ignition does not depend on the type light source. Pikes in secondary voltage are almost 
two times smaller when we use electronic instead of traditional stabilization-ignition systems, 
what expend number of light sources burning hours. The voltage pikes frequency for high 
pressure sodium lamp is more than 1,5 times smaller when we use electronic instead 
traditional ballast, what expend number of light sources burning hours. 
 
• Starting time (duration) and process 
 
Starting of electronic stabilization-ignition system with high pressure sodium lamp is smooth 
but quite slow. First of all the ballast is supplied then after about 7 second the light source is 
turned on. Do not occur any flickers or color changes. Electronic ballast is increase gradually 
the consumption of power to around 60% of rated power, this state is held  for 10 – 20 
seconds and after that the gradually increasing of power consumption is continued up to 105% 
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of rated power. All process take around 2 minutes and does not depend on state of light 
source, it can be ether cold (light source did not working before) or hot (light source was 
working before). During the starting process we can see how the luminous flux density 
increases. After the starting process next stage is warming process. During the warming 
process ballast with light source consume 105% of rated power and it took 4 minutes. It does 
not mater ether light source is cold or warm. Finally after warming process the electronic 
stabilization-ignition system starts working according to programmed working cycle.  
 
Starting of electronic stabilization-ignition system with metal halide lamp is smooth, but quite 
fast. First of all the ballast is supplied then after about 7 second the light source is turned on. 
Occurs flicker but does not occur color change. Electronic ballast is increase gradually the 
consumption of power up to around 105% of rated power. All process take around 30 seconds 
and depend on state of light source, it can be ether cold (light source did not working before) 
or hot (light source was working before). Cold light source starting process flows the rules 
describe above, but warm light source cannot be ignite just after turn off. Metal halide should 
cool down a little bit before another ignition, it took around 6 minutes. During the starting 
process we can see how the luminous flux density increases. After the starting process next 
stage is warming process. During the warming process ballast with light source consume 
105% of rated power and it took 4 minutes. It does not mater ether light source is cold or 
warm. Finally after warming process the electronic stabilization-ignition system starts 
working according to programmed working cycle.  
 
Starting of traditional stabilization-ignition system with high pressure sodium lamp is smooth 
and fast. We turn on power supply and traditional ballast is increase gradually the 
consumption of power up to around 108% of rated power. Do not occur any flickers or color 
changes. All process take around 30 seconds and do not depend on state of light source, it can 
be ether cold (light source did not working before) or hot (light source was working before). 
During the starting process we can see how fast the luminous flux density increases. 
Traditional stabilization-ignition system allows for decreasing the voltage just after ignition 
and do not protect against ignition with low voltage (less than rated). Thus, it do not protect 
light sources what for sure decrease number of lamp working hours.    
 
Starting of traditional stabilization-ignition system with metal halide lamp is smooth and fast. 
We turn on power supply and traditional ballast is increase gradually the consumption of 
power up to around 110% of rated power. Occurs flicker but does not occur color change. All 
process take around 20 seconds and depend on state of light source, it can be ether cold (light 
source did not working before) or hot (light source was working before). Cold light source 
starting process flows the rules describe above, but warm light source cannot be ignite just 
after turn off. Metal halide should cool down a little bit before another ignition, it took around 
6 minutes. During the starting process we can see how fast the luminous flux density 
increases. Traditional stabilization-ignition system allows for decreasing the voltage just after 
ignition and do not protect against ignition with low voltage (less than rated). Thus, it do not 
protect light sources what for sure decrease number of lamp working hours.    
To sum up, we can conclude that starting and ignition process depend on type of light source 
and the type of used ballast. Furthermore, we can conclude that starting and ignition process 
of electronic stabilization-ignition system expend light sources burning hours to maximum. 
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4.3. Efficiency determination 
 
4.3.1. Traditional stabilization-ignition system 
 
• Determine the efficiency of the ballasts – to solve that issue we have to know RMS 
values of primary (before the examined ballast) active power and secondary (after the 
examined ballast) active power. To draw the characteristic of efficiency in comparison 
with absorbed power, we have to have around nine measuring points, each at different 
value of input power by ballast with light source  
• Constant dimming of light source – verify the theoretical data about the range of 
power in which light source is able to work. (theoretically high pressure sodium lamp 
can work up to 30% of rated power, metal halide light source can work up to 50% of 
nominal power). To solve this issue we have to observed the luminous flux density of 
light source during the efficiency measurements 
• Power factor (cos φ) – determine cos φ in primary (before the ballast) and secondary 
(after the ballast) side of the ballasts. To solve that issue we should during the 
measurements of efficiency read and record also values of cos φ. 
• Currents and voltages waveforms – to draw the characteristic of currents (primary 
current and secondary current) and voltages (primary voltage and secondary voltage) 
in comparison with absorbed by circuit power, we have to measure RMS values of 
voltages and currents at different level of input power. To solve that issue we should 
during the efficiency measurements read and record also RMS values of currents and 
voltages 
 
4.3.2. Electronic stabilization –ignition system 
 
• Determine the efficiency of the ballasts – to solve that issue we have to know RMS 
values of primary (before the examined ballast) active power and secondary (after the 
examined ballast) active power. To draw the characteristic of efficiency in comparison 
with absorbed power, we have to have around nine measuring points, each at different 
value of input power by ballast with light source  
• Constant dimming of light source – verify the theoretical data about the range of 
power in which light source is able to work. (theoretically high pressure sodium lamp 
can work up to 30% of nominal power, metal halide light source can work up to 50% 
of nominal power). To solve this issue we have to observed the luminous flux density 
of light source during the efficiency measurements 
• Power factor (cos φ) – determine cos φ in primary (before the ballast) and secondary 
(after the ballast) side of the ballasts. To solve that issue we should during the 
measurements of efficiency read and record also values of cos φ. Verify the theoretical 
data about the power factor (cos φ). (theoretically power factor (cos φ) is greater equal 
0.98)   
• Currents and voltages waveforms – to draw the characteristic of currents (primary 
current and secondary current) and voltages (primary voltage and secondary voltage) 
in comparison with absorbed by circuit power, we have to measure RMS values of 
voltages and currents at different level of input power. To solve that issue we should 
during the efficiency measurements read and record also RMS values of currents and 
voltages 
 
4.3.3. Tables 
 
 
 
Table 4.1. Traditional stabilization-ignition system – results of measurements and efficiency calculations 
Light 
Source 
P1 U1 I1 Q1 cos φ P2 U2 I2 Q2 cos φ η 
[W] [V] [A] [Var] - [W] [V] [A] [Var] - [%] 
HPS 
108,23 230 0,52186 48,085 0,91386 98,268 97,633 1,1991 29,983 0,95647 90,80 
91,342 210,20 0,45770 25,104 0,96425 84,048 97,644 1,0273 27,553 0,95024 92,01 
74,853 190,49 0,41028 18,049 0,97214 68,862 89,056 0,91663 22,480 0,95063 92,00 
60,117 170,36 0,36309 9,5233 0,98768 55,611 83,137 0,79349 19,154 0,94549 92,50 
46,815 150,35 0,31970 7,0884 0,98873 43,416 72,964 0,69813 14,705 0,94714 92,74 
36,379 130,33 0,28415 3,2986 0,99591 33,855 65,401 0,59481 10,689 0,95359 93,06 
27,444 110,40 0,25292 -2,2856 -0,99655 25,879 61,814 0,47211 7,8365 0,95708 94,30 
19,280 90,269 0,22029 -3,7450 -0,98165 18,377 54,521 0,37121 4,7982 0,96756 95,32 
11,660 70,266 0,17684 -3,7697 -0,95150 11,147 45,360 0,27165 3,0193 0,96522 95,60 
MH 
110,45 230,29 0,52373 44,986 0,92613 100,45 97,019 1,1851 29,138 0,96041 90,95 
103,81 222,41 0,49857 35,363 0,94658 94,782 96,995 1,1169 27,692 0,95987 91,30 
97,290 214,29 0,47571 26,200 0,96560 89,349 97,139 1,0490 26,988 0,95728 91,84 
89,578 206,30 0,44883 18,044 0,98031 82,726 97,316 0,98057 27,089 0,95035 92,35 
83,755 198,28 0,43202 11,090 0,99135 77,828 97,585 0,91831 25,801 0,94920 92,92 
77,183 190,28 0,41254 3,5341 0,99895 72,028 98,493 0,84999 25,652 0,94204 93,32 
69,013 182,26 0,38764 -5,5451 -0,99679 64,816 100,87 0,76696 26,866 0,92379 93,92 
59,420 174,35 0,36507 -16,413 -0,96391 56,153 106,25 0,66587 29,288 0,88665 94,50 
53,696 170,36 0,35853 -24,106 -0,91228 50,963 110,70 0,59979 30,549 0,85771 94,91 
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Table 4.2. Electronic stabilization-ignition system – results of measurements and efficiency calculations 
Light 
Source 
P1 U1 I1 Q1 cos φ P2 U2 I2 Q2 cos φ η 
[W] [V] [A] [Var] - [W] [V] [A] [Var] - [%] 
HPS 
104,73 230,27 0,45713 -1,6479 -0,99988 97,767 96,746 1,0108 -65,098 -0,83237 93,35 
99,878 230,27 0,43643 -4,7833 -0,99886 92,993 93,276 0,99730 -61,613 -0,83363 93,11 
89,016 230,19 0,38967 -5,7168 -0,99794 82,731 88,730 0,93265 -54,355 -0,83273 92,94 
83,871 230,18 0,36750 -6,1476 -0,99732 77,581 84,493 0,91839 -51,487 -0,83225 92,50 
73,779 230,19 0,32393 -6,5012 -0,99614 68,267 81,756 0,83519 -44,861 -0,83325 92,53 
63,753 230,22 0,28067 -6,8826 -0,99422 58,583 78,804 0,74356 -38,505 -0,83210 91,89 
48,179 230,23 0,21382 -7,1886 -0,98905 43,837 71,625 0,61228 -28,894 -0,83324 90,99 
39,025 230,22 0,17477 -7,2282 -0,98328 34,899 60,762 0,57458 -23,005 -0,83492 89,43 
33,290 230,22 0,15073 -7,7206 -0,97414 29,850 67,415 0,44305 -19,702 -0,83460 89,67 
23,215 230,22 0,11755 -3,8683 -0,98640 21,507 67,388 0,31953 -14,192 -0,83465 92,64 
MH 
104,95 230,28 0,45845 -4,8935 -0,99891 97,814 94,078 1,0402 -64,407 -0,83520 93,20 
100,15 230,27 0,43756 -4,7035 -0,99890 92,775 94,051 0,98688 -61,132 -0,83502 92,64 
94,294 230,26 0,41226 -5,1815 -0,99849 87,620 93,331 0,93908 -58,259 -0,83273 92,92 
90,622 230,21 0,39644 -5,3028 -0,99829 84,316 93,439 0,90264 -56,167 -0,99829 93,04 
79,004 230,30 0,34623 -6,1770 -0,99696 73,517 94,203 0,78066 -48,782 -0,83325 93,05 
75,949 230,21 0,33315 -6,1686 -0,99672 70,602 95,071 0,74289 -47,059 -0,83210 92,96 
68,183 230,30 0,29953 -6,4865 -0,99551 63,345 95,622 0,66283 -42,034 -0,83324 92,90 
63,335 230,31 0,27883 -6,8334 -0,99423 58,997 95,502 0,61849 -38,962 -0,83445 93,15 
48,473 230,31 0,21503 -7,1615 -0,98926 45,103 100,13 0,45460 -29,131 -0,84002 93,05 
  
4.3.4. Computing example 
 
 
Example of efficiency calculation for electronic circuit with HPS lamp row no. 1 
 
  M"M2 · 100 >%? 
97,767 >O?
104,73 >O? · 100 >%?  93,35 >%? 
 
 
 
 
 
 
4.3.5. Characteristics 
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4.3.6. Conclusions 
 
• Efficiency determination:  
 
We have to take into consideration that the measuring results are not accurate enough,  
because of harmonic content in voltages and currents waveforms. On the other hand 
measuring error is systematic, what does not change the characteristics of efficiency in 
comparison with input power. First of all I would like to compare the behavior of electronic 
and traditional stabilization-ignition systems working with high pressure sodium lamp (figure 
4.27). When we compare the nominal working points, we can see that electronic ballast have 
higher efficiency than traditional one  by around 3 [%]. We can see that when the value of 
input power of ballast decreases efficiency characteristic of traditional ballast increases, on 
the other hand efficiency characteristic of electronic ballast decreases as well. Second of all I 
would like to compare the behavior of electronic and traditional stabilization-ignition systems 
working with metal halide lamp (figure 4.28). When we compare the nominal working points, 
we can see that electronic ballast have higher efficiency than traditional one by around 2 [%]. 
Second of all we can see that, when the value of input power of ballast decreases efficiency 
characteristic of traditional ballast increases, on the other hand efficiency characteristic of 
electronic ballast is almost constant.    
 
• Constant dimming of light source:  
 
Theoretically high pressure sodium lamp can work up to 30% of the rated power, on the other 
hand metal halide lamp can work up to 50% of the rated power. From observations of light 
source during the efficiency measurements, I come to the conclusions that high pressure 
sodium lamp supply through electronic ballast can work properly up to 35% of lamp rated 
power, after that light source starts flicker (unstable luminous flux) and when the power reach 
0
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Fig.4.34. I2=f(P1) characteristic of MH lamp
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20% of lamp nominal power, light source completely turned off. Metal halide lamp supply 
through traditional ballast can work properly up to 55% of lamp rated power, after that light 
source starts flicker and change color (unstable luminous flux), when the power reach 40% of 
lamp rated power, light source completely turned off. I have to consider also behavior of light 
sources working with traditional stabilization-ignition system. High pressure sodium lamp 
working with traditional ballast can properly work up to 11% of the rated power and then 
turned off without any flicker or color changes. Metal halide lamp working with traditional 
ballast can properly work up to 50% of lamp rated power and then turned off without any 
flicker or color changes. According to what is written above, theoretical data were confirm. 
 
• Power factor (cosφ) 
 
I was able to measured primary (before ballast) and secondary (after ballast) values of first 
harmonic cosφ for different levels of input power. I would like to take into investigation only 
primary cosφ, because it gives to us important conclusions.  
Power factor (cosφ) for traditional ballast working with HPS (high pressure sodium) lamp at 
normal working point is equal 0,91, what is connected with reactive power flows from the 
network and the value of it in this case is equal 48,08 [Var] and the value of active power is 
equal 108,23 [W]. (all data are gathered in table 3.1). Such a big value of reactive power 
generates a lot of problems and it needs to be compensate somehow, especially when the 
street lighting system consist big number of fittings. We can see from the table 4.1 that cosφ 
increases when the active input power decreases.  
Power factor (cosφ) for traditional ballast working with MH (metal halide) lamp at normal 
working point is equal 0,93, what is connected with reactive power flows from the network 
and the value of it in this case is equal 49,99 [Var] and the value of active power is equal 
110,45 [W]. (all data are gathered in table 4.1). Such a big value of reactive power generates a 
lot of problems and it needs to be compensate somehow, especially when the street lighting 
system consist big number of fittings. We can see from the table 4.1 that cosφ increases when 
the active input power decreases.  
Power factor (cosφ) for electronic ballast working with HPS (high pressure sodium) lamp at 
normal working point is equal -0,999, what is connected with reactive power flows to the 
network and the value of it in this case is equal -1,65 [Var]. (all data are gathered in table 4.2). 
Such a small value of reactive power is very positive, because we do not need compensate it. 
Minus sign before the reactive power and power factor values indicated that reactive power is 
flowing to the power network from the ballast. We can see from the table 4.2 that cosφ 
decreases as well as active input power down to -0,974. Theoretical data presented in 
specification of electronic ballast gives information, that power factor is always greater or 
equal 0,98, my measurements do not confirm this data.  
Power factor (cosφ) for electronic ballast working with MH (metal halide) lamp at normal 
working point is equal -0,999, what is connected with reactive power flows to the network 
and the value of it in this case is equal -4,89 [Var]. (all data are gathered in table 4.2). Such a 
small value of reactive power is very positive, because we do not need compensate it. Minus 
sign before the reactive power and power factor values indicated that reactive power is 
flowing to the power network from the ballast. We can see from the table 4.2 that cosφ 
decreases as well as active input power down to -0,989. Theoretical data presented in 
specification of electronic ballast gives information, that power factor is always greater or 
equal 0,98, my measurements confirm this data.  
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• Currents and voltages characteristics: 
 
From the figures : comparison of ballasts according to primary current in function of input 
power is shown in figure 4.30. Comparison of ballasts according to secondary voltage in 
function of input power is shown in figure 4.31. Comparison of ballasts according to 
secondary current in function of input power is shown in figure 4.33. First of all I would like 
to discussed comparisons characteristics of examined ballasts (traditional and electronic) 
working with HPS (high pressure sodium) lamp. Electronic circuit is better than magnetic 
circuit, because it consume less value of current form power supply and in consequence gives 
lower value of voltage to light source and in consequence through light source flows lower 
value current and finally the consumption of electrical energy is lower.  
From the figures : comparison of ballasts according to primary current in function of 
input power is shown in figure 4.30. Comparison of ballasts according to secondary voltage in 
function of input power is shown in figure 4.32. Comparison of ballasts according to 
secondary current in function of input power is shown in figure 4.34. Second of all I would 
like to discussed comparisons characteristics of examined ballasts (traditional and electronic) 
working with MH (metal halide) lamp. Electronic circuit is better than magnetic circuit, 
because it consume less value of current form power supply and in consequence gives lower 
value of voltage to light source and in consequence through light source flows lower value 
current and finally the consumption of electrical energy is lower. 
To sum up, we can say that electronic stabilization-ignition system working with all 
investigating types of light source is better than traditional one, because it save the electrical 
energy and according to this save money.    
 
4.4. Characteristic curve of luminous flux dendity 
 
• Luminous flux density 
 
Compare the luminous flux density for different type of light sources and draw the 
characteristic of luminous flux density in comparison with input power. To draw the 
characteristic we should have at least 7 values of luminous flux density at different value of 
power each. 
 
• Relative luminous flux change  
 
Use the results from previous point (luminous flux density) and show the characteristic of 
relative luminous flux change in comparison with input power and draw a conclusions.  
 
• Relative luminous efficiency change 
 
Use the results from first point (luminous flux density) and show the characteristic of relative 
luminous efficiency change in comparison with input power and draw a conclusions. 
 
• Power factor 
 
Show the characteristic of power factor in comparison with input power and draw a 
conclusions. To solve that issue we should during the measurements of luminous flux density 
in addition record values of primary voltage, current and power. 
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4.4.1. Tables 
 
 
 
4.4.1.1. Traditional circuit 
 
 
 
 
Table 4.3. Traditional stabilization-ignition system – luminous flux density measurement 
results 
Light 
Source 
P I U E Φ` Ψ` PF 
[W] [A] [V] [lx] [p.u.] [p.u.] - 
HPS 
104,0 0,68 230 680 1,000 1,000 0,665 
100,0 0,80 226 600 0,882 0,918 0,553 
95,0 0,72 220 553 0,813 0,890 0,600 
86,5 0,70 210 488 0,718 0,863 0,588 
79,2 0,70 200 431 0,634 0,832 0,566 
72,1 0,66 190 378 0,556 0,802 0,570 
63,5 0,63 180 300 0,441 0,723 0,560 
57,3 0,80 170 253 0,372 0,675 0,421 
50,0 0,60 160 196,2 0,289 0,600 0,521 
44,5 0,56 150 162,7 0,239 0,559 0,530 
39,5 0,54 140 132,1 0,194 0,511 0,522 
34,7 0,48 130 111,5 0,164 0,491 0,556 
29,8 0,44 120 89,4 0,131 0,459 0,570 
25,9 0,39 110 76,8 0,113 0,454 0,604 
21,5 0,40 100 64,2 0,094 0,457 0,538 
17,9 0,33 90 56,9 0,084 0,486 0,603 
MH 
106,0 0,64 230 1057 1,000 1,000 0,720 
99,0 0,70 220 985 0,932 0,998 0,643 
90,5 0,70 210 873 0,826 0,967 0,616 
82,8 0,68 200 763 0,722 0,924 0,609 
75,0 0,70 190 660 0,624 0,882 0,564 
66,0 0,69 180 525 0,497 0,798 0,531 
57,5 0,84 170 400 0,378 0,698 0,403 
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4.4.1.2. Electronic circuit 
 
Table 4.4. Electronic stabilization-ignition system – luminous flux density measurement 
results 
 
Light 
Source 
P I U E Φ` Ψ` PF 
[W] [A] [V] [lx] [p.u.] [p.u.] - 
HPS 
103,0 0,485 230 743 1,000 1,000 0,923 
99,3 0,460 230 696 0,937 0,972 0,939 
88,8 0,415 230 608 0,818 0,949 0,930 
82,9 0,390 230 538 0,724 0,900 0,924 
72,9 0,345 230 448 0,603 0,852 0,919 
62,1 0,300 230 313 0,421 0,699 0,900 
52,0 0,251 230 230 0,310 0,613 0,901 
42,0 0,210 230 177,2 0,238 0,585 0,870 
32,5 0,170 230 112,8 0,152 0,481 0,831 
21,0 0,130 230 73,2 0,099 0,483 0,702 
MH 
103 0,485 230 1113 1,000 1,000 0,923 
99,1 0,458 230 1059 0,951 0,989 0,941 
87,2 0,409 230 896 0,805 0,951 0,927 
82,4 0,389 230 817 0,734 0,918 0,921 
71,8 0,340 230 644 0,579 0,830 0,918 
61,9 0,298 230 475 0,427 0,710 0,903 
51,1 0,250 230 305 0,274 0,552 0,889 
 
 
4.4.2. Computing example 
 
• Relative luminous flux : 
 
Example of calculations for electronic circuit with HPS lamp row no. 2 
 
`   

 
696 >7P?
743 >7P?  0,937 >Q. S. ? 
 
 
• Relative luminous efficiency: 
 
Example of calculations for electronic circuit with  MH lamp row no. 3 
 
T`  TT 
 MU MU

 MU MU

896 87,2U
1113 103U
 0,951 >Q. S. ? 
 
(4.2) 
(4.3) 
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• Power factor 
 
Example of calculations for magnetic circuit with HPS lamp row no. 2 
 
MV  MW ·  
100
226 · 0,8  0,553 >Q. S. ? 
 
 
 
 
4.4.3. Characteristics 
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Fig.4.35. Luminous flux density of HPS lamp
traditional circuit
electronic circuit
(4.4) 
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Fig.4.36. Luminous flux density of MH lamp
traditional circuit
electronic circuit
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Fig.4.37. Relative luminous flux of HPS lamp 
traditional circuit
electronic circuit
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Fig.4.38. Relative luminous flux of MH lamp 
traditional circuit
electronic circuit
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Fig.4.39. Relative luminous efficiency of HPS lamp
traditional circuit
electronic circuit
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Fig.4.40. Relative luminous efficiency of MH lamp
traditional circuit
electronic circuit
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Fig.4.41. Power factor of HPS lamp
traditional circuit
electronic circuit
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4.4.4. Conclusions 
 
• Luminous flux density and relative luminous flux change 
 
First of all I would like to analyze the characteristics of luminous flux density (figures 4.35 
and 4.36) and  characteristics of relative luminous flux change (figure 4.37 and 4.38) which 
flows with them. When we used electrical stabilization-ignition system no matter with which 
light source (it can be either HPS or MH lamp) the value of luminous flux density was higher 
in all range of examined power than when we used traditional stabilization-ignition system. 
This difference is visible most clearly at nominal working point. Characteristic of relative 
luminous flux change confirm above conclusions. When we compare high pressure sodium 
and metal halide sodium lamp, we can see that value of luminous flux density at nominal 
power for metal halide lamp is almost 1,5 time higher than value of luminous flux density for 
HPS lamp. Characteristic of metal halide lamp is always linear no matter which stabilization-
ignition system we use. 
 
• Relative luminous efficiency change 
 
First of all I would like to compare the characteristics of relative luminous efficient change for 
examined ballasts working with high pressure sodium lamp (figure 4.39). We can see that in 
whole range of examined power electronic ballast is better than traditional one. In other words 
we can say that high pressure sodium lamp working with electronic stabilization-ignition 
system is more efficient in order to conversion electrical power into luminous power than 
traditional ballast.  
0,0
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0,6
0,8
1,0
40 50 60 70 80 90 100 110
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P [W]
Fig.4.42. Power factor of MH lamp
traditional circuit
electronic circuit
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Second of all I would like to compare the characteristic of relative luminous efficiency change 
for examined ballasts working with metal halide lamp (figure 4.40). We can see that close to 
nominal working point both ballast was working with the same efficiency, but differences 
become more visible, when the values of input power decreases in advantage of traditional 
ballast instead the electronic ballast.  
  
• Power factor 
 
To begin I would like to mansion that power factor is not the same parameter like cosφ 
(describe in chapter 4.3.6). cosφ describe the relation between the active power and apparent 
power, but only for first harmonic or the value of cosφ can be equal value of power factor 
when the harmonic content in the circuit can be neglected. On the other hand the power factor 
describe the same relation, but for measured RMS values of active power and apparent power 
(current multiply by voltage). The best value of power factor ever is one or at list close to one. 
After this short theoretical introduction we can move to comparison and analyze the 
characteristics. When we compare the ballasts working with high pressure sodium lamp, we 
can see that power factor of electronic stabilization-ignition system is much better than 
traditional ballast. From the figure 4.41 we can see that for electronic ballast the range of 
power factor is from 0,7 to 0,9 and obtained highest value at nominal working point, we can 
also notice that for traditional ballast the range of power factor is from 0,4 to 0,7 and obtained 
highest value at nominal working point and difference between the ballast at this point reach 
0,3 in advance of electronic circuit. When we compare the ballasts working with metal halide 
lamp, we can see that power factor of electronic stabilization-ignition system is much better 
than traditional ballast. From the figure 4.42 we can see that characteristic of electronic ballast 
is linear in whole range of examined power, moreover values of power factor are very close to 
one and obtained highest value at nominal working point. We can also notice that for 
traditional ballast the range of power factor is from 0,4 to 0,7 and obtained highest value at 
nominal working point and difference between the ballast at this point reach 0,2 in advance of 
electronic circuit. Furthermore, the electronic ballast keep the value of power factor in high 
level no matter which light source it supply. On the other hand, the characteristics shape of 
power factor for light sources working with traditional ballast are completely different. 
 
 
 
4.5. Disturbances 
 
 
Examined what is the behavior of stabilization-ignition systems during the voltage 
disturbances. We run that kind of test, because nowadays in public electrical network voltage 
disturbances occur very often. To solve that issue we have to consider two: waveforms and 
behavior. We have to record the primary and secondary current and voltage waveforms to 
draw a conclusions from the comparison and analyze. Second half to measurements is making 
notes about behavior of luminous flux during the voltage disturbances. From the notes we will 
know hove dip the voltage disturbance should be to turn off the light sources and which 
ballast can stand dipper voltage disturbance.       
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Fig.4.44.  V1,V2=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
  
Fig.4.43.  V1,V2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
Fig.4.46.  I1,I2=f(t) waveforms for electronic  
stabilization-ignition system with HPS lamp 
- IL1 – primary current - IL2 – secondary current 
  
Fig.4.45.  I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp 
- IL1 – primary current - IL2 – secondary current 
4.5.1. Waveforms 
 
In this subsection I presented waveforms of currents and voltages of traditional ballast and 
compare them with currents and voltage waveforms for electrical ballast. The waveforms are 
taken during the simulation of voltage disturbances, one overvoltage and four voltage dips.  
 
4.5.1.1. Voltage swell – 110 [%] 
 
 
• HPS voltages 
 
 
 
• HPS currents: 
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Fig.4.50.  I1,I2=f(t) waveforms for electronic  
stabilization-ignition system with MH lamp 
- IL1 – primary current - IL2 – secondary current 
  
Fig.4.49.  I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp 
- IL1 – primary current - IL2 – secondary current 
Fig.4.48.  V1,V2=f(t) waveforms for electronic 
stabilization-ignition system with MH lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
  
Fig.4.47.  V1,V2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
• MH voltages: 
 
 
• MH currents: 
 
 
 
 
• Conclusion: 
 
From observations of luminous flux we can draw a conclusion that when we use traditional 
ballast luminous flux increase during the overvoltage, but when we use electronic ballast I 
could not see any difference in luminous flux density. In addition the observations are confirm 
by recorded waveforms of currents and voltages. From above figures we cannot see from 
secondary current and voltage waveforms for electronic stabilization-ignition system any 
disturbance which is clearly visible in primary current and voltage waveforms. On the other 
hand, from above figures we can see disturbance both in secondary and primary currents and 
voltages waveforms for traditional stabilization-ignition system. 
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Fig.4.52.  V1,V2=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
  
Fig.4.51.  V1,V2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
Fig.4.54.  I1,I2=f(t) waveforms for electronic  
stabilization-ignition system with HPS lamp 
- IL1 – primary current - IL2 – secondary current 
  
Fig.4.53.  I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp 
- IL1 – primary current - IL2 – secondary current 
 
 
4.5.1.2. voltage dip (sag) – 90 [%] 
 
 
 
• HPS voltages: 
 
 
 
 
• HPS currents: 
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Fig.4.58.  I1,I2=f(t) waveforms for electronic  
stabilization-ignition system with MH lamp 
- IL1 – primary current - IL2 – secondary current 
  
Fig.4.57.  I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp 
- IL1 – primary current - IL2 – secondary current 
Fig.4.56.  V1,V2=f(t) waveforms for electronic 
stabilization-ignition system with MH lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
  
Fig.4.55.  V1,V2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
• MH voltages: 
 
 
• MH currents 
 
 
 
• Conclusion: 
 
From observations of luminous flux we can draw a conclusion that when we use traditional 
ballast luminous flux decrease during the voltage dip, but when we use electronic ballast I 
could not see any difference in luminous flux density. In addition the observations are confirm 
by recorded waveforms of currents and voltages. From above figures we cannot see from 
secondary current and voltage waveforms for electronic stabilization-ignition system any 
voltage variation which is clearly visible in primary current and voltage waveforms. On the 
other hand, from above figures we can see voltage variation both in primary voltage 
waveforms and secondary currents waveforms for traditional stabilization-ignition system, but 
in primary currents waveforms and secondary voltage waveforms we cannot see any 
variation. 
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Fig.4.60.  V1,V2=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
  
Fig.4.59.  V1,V2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
Fig.4.62.  I1,I2=f(t) waveforms for electronic  
stabilization-ignition system with HPS lamp 
- IL1 – primary current - IL2 – secondary current 
  
Fig.4.61.  I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp 
- IL1 – primary current - IL2 – secondary current 
 
 
4.5.1.3. Voltage dip (sag) – 80 [%] 
 
 
 
• HPS voltages: 
 
 
 
 
 
• HPS currents: 
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Fig.4.66.  I1,I2=f(t) waveforms for electronic  
stabilization-ignition system with MH lamp 
- IL1 – primary current - IL2 – secondary current 
  
Fig.4.65.  I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp 
- IL1 – primary current - IL2 – secondary current 
Fig.4.64.  V1,V2=f(t) waveforms for electronic 
stabilization-ignition system with MH lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
  
Fig.4.63.  V1,V2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
• MH voltages: 
 
 
• MH currents: 
 
 
• Conclusion: 
 
From observations of luminous flux we can draw a conclusion that when we use traditional 
ballast luminous flux decrease significantly during the voltage dip, but when we use 
electronic ballast I could not see any difference in luminous flux density. In addition the 
observations are confirm by recorded waveforms of currents and voltages. From above figures 
we cannot see from secondary current and voltage waveforms for electronic stabilization-
ignition system any voltage variation which is clearly visible in primary current and voltage 
waveforms. On the other hand, from above figures we can see voltage variation both in 
primary voltage waveforms and secondary currents waveforms for traditional stabilization-
ignition system, but in primary currents waveforms and secondary voltage waveforms we 
cannot see any variation. 
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Fig.4.68.  V1,V2=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
  
Fig.4.67.  V1,V2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
Fig.4.70.  I1,I2=f(t) waveforms for electronic  
stabilization-ignition system with HPS lamp 
- IL1 – primary current - IL2 – secondary current 
  
Fig.4.69.  I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp 
- IL1 – primary current - IL2 – secondary current 
 
 
4.5.1.4. Voltage dip (sag) – 70 [%] 
 
 
 
• HPS voltages: 
 
 
 
 
• HPS currents: 
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Fig.4.74.  I1,I2=f(t) waveforms for electronic  
stabilization-ignition system with MH lamp 
- IL1 – primary current - IL2 – secondary current 
  
Fig.4.73.  I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp 
- IL1 – primary current - IL2 – secondary current 
Fig.4.72.  V1,V2=f(t) waveforms for electronic 
stabilization-ignition system with MH lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
  
Fig.4.71.  V1,V2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
• MH voltages: 
 
• MH currents: 
 
 
 
 
• Conclusion: 
 
From observations of luminous flux we can draw a conclusion that when we use traditional 
ballast luminous flux light source tuned off during the voltage dip and after that ballast try to 
ignite light source one more time. It is connected with very high value (above 1 [kV]) of 
secondary voltage and high value (almost 3 [A]) of secondary current. When we use high 
pressure sodium lamp the time of again ignition is from few seconds to minute, but metal 
halide lamp again ignition is around 6 minutes. On the other hand, when we use electronic 
ballast I could not see any difference in luminous flux density. In addition the observations 
are confirm by recorded waveforms of currents and voltages. From above figures we cannot 
see from secondary current and voltage waveforms for electronic stabilization-ignition system 
any voltage variation which is clearly visible in primary current and voltage waveforms. On 
the other hand, from above figures we can see voltage variation both in primary voltage 
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Fig.4.76.  V1,V2=f(t) waveforms for electronic 
stabilization-ignition system with HPS lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
  
Fig.4.75.  V1,V2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
Fig.4.78.  I1,I2=f(t) waveforms for electronic  
stabilization-ignition system with HPS lamp 
- IL1 – primary current - IL2 – secondary current 
  
Fig.4.77.  I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with HPS lamp 
- IL1 – primary current - IL2 – secondary current 
waveforms and secondary currents waveforms for traditional stabilization-ignition system, but 
in primary currents waveforms and secondary voltage waveforms we cannot see any 
variation. 
 
 
4.5.1.5. Voltage dip (sag) – 60 [%] 
 
 
• HPS voltages: 
 
 
 
 
• HPS currents: 
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Fig.4.82.  I1,I2=f(t) waveforms for electronic  
stabilization-ignition system with MH lamp 
- IL1 – primary current - IL2 – secondary current 
  
Fig.4.81.  I1,I2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp 
- IL1 – primary current - IL2 – secondary current 
Fig.4.80.  V1,V2=f(t) waveforms for electronic 
stabilization-ignition system with MH lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
  
Fig.4.79.  V1,V2=f(t) waveforms for traditional 
stabilization-ignition system with MH lamp 
- VL1 – primary voltage - VL2 – secondary voltage 
• MH voltages: 
 
 
 
• MH currents: 
 
 
 
• Conclusion: 
 
From observations of luminous flux we can draw a conclusion that when we use both of 
examined ballasts luminous flux light source tuned off during the voltage dip. From 
comparison of above figures we can see that behavior of ballast was completely different after 
voltage dip was gone. It is connected with very high value (above 1 [kV]) of secondary 
voltage and high value (almost 3 [A]) of secondary current. Traditional ballast tried to ignite 
light source again almost immediately, but electronic ballast wait some time before again 
ignition. In addition, it have very positive influence on the light source, because it extend the 
number of lamp burning hours. When we use high pressure sodium lamp the time of again 
ignition is from few seconds to minute, but metal halide lamp again ignition is around 6 
minutes. 
92 
 
4.5.2. Conclusions 
 
To sum up this chapter, we can unequivocally say that electronic stabilization-ignition system 
is more resistant to voltage disturbances than traditional ballast. For electronic ballast any 
voltage swell and any voltage dips till 70% does not influence in luminous flux density of 
light source. Completely different situation is with traditional ballast. Behavior of traditional 
stabilization-ignition system during the simulations of voltage variations is visible. Luminous 
flux density of light sources increase when voltage swell occurs and decrease when voltage 
dips is simulated. In additional the light sources turn off when the voltage dip is less or equal 
70% and the ballast try to ignite the light source again. Electronic ballast can withstand 10% 
greater voltage dip. From above figures and from observations during the measurements, we 
can conclude that behavior of light source do not depend whether it is high pressure sodium 
lamp or metal halide lamp, but fully depend on the type of stabilization-ignition system.   
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5. Economy 
 
 
 
In this chapter I would like to present economic analysis of street lighting management 
system “Jupiter”. This analyze is based on assumed theoretical information and is done to 
compare the street lighting system with electronic ballasts and with traditional ballasts. In 
very end of the analysis I compare the investment cost of this two systems. 
 
 
 
5.1. Economic Analysis 
 
 
 
In the analysis I made some assumptions. The number of fittings is 100, the rated power of 
light sources is 250 [W], the type of light source is high pressure sodium lamp, the efficiency 
of the ballast is 90 [%] for traditional and 93 [%] for electronic, both values are taken from 
table 4.1 and table 4.2. I assumed also that investment time of return is 6 years and the rate of 
discount is 10%. Reduction of power consumption in diming section is taken as a average 
value for whole year from schedule shown below in table 5.1 as well as diming number of 
hour per day. Assumptions in  power stabilization section flow from the standards 
requirements which says that during the week the voltage variations in power network must 
not be greater than 10% and the sum up time must not be greater than 1,2 hour. According to 
the standards I assumed that in half of this time (30 minutes) per week in power network will 
occur voltage greater than nominal. In reduction of maintenance costs section I assumed that 
the number of light source burning hours for traditional ballast is taken from the book 
(reference [2]) and for electronic ballast is taken from manufacturer (Eltam company) web 
side. The average costs of light source, stabilizer, starter, capacitor are taken from warehouses 
price lists. The costs of light source exchange, mechanical equipment electronic stabilization-
ignition system, concentrator, GSM modem, Software, CE test are taken from the company 
Elektrotim. The rest of assuming parameters are included in table 4.2 in basic information 
section. 
 
 
 
Table 5.1.Annual schedule of dimming cycle. 
 
 Total hours 
18:00 19:00 20:00 21:00 22:00 23:00 24:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 normal 25% 50% 
Autumn ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ 3 3 8 
Winter ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ 3 3 8 
Spring   ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼  2 1 7 
Summer   ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼ ☼  2 1 7 
 
910 728 2730 
Legend:  ☼  - lamp 100% on  ☼ - lamp dimming at 75%  ☼ - lamp dimming at 50% 
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Table 5.2. Street Lighting Management System "Jupiter" - Economic Analysis 
 
Basic information 
Number of days in year d 365 
Average number of working hours per day h 11,72 
Average number of working hours per year h 4277,8 
Electrical energy price (1 kWh) PLN 0,27 
Transmission of electrical energy fee [PLN/month] PLN 9,80 
Transmission of electrical energy fee [PLN/day] PLN 0,32 
Number of fittings unit 100 
Light source power W 250 
euro exchange rate € 3,9 
 
 
 
Energy savings 
 
Traditional 
system 
Electronic 
system Savings 
Lamp efficiency: 
Stabilization-ignition system 
efficiency % 90,0% 93,3% 
 
 Power consumption (light source + 
ballast) W 278 268 
Daily energy consumption per lamp 
 
3 256 3140 4% 
 
Dimming: 
Reduction of power consumption % 0% 37% 
 
 Dimming number of hours per day h 0 9,5 
Dimming daily energy savings Wh 0 -923 30% 
 
Power stabilization: 
Voltage variations V 10% 0% 
 
 Additional energy consumption W 78,1 0 
Power stabilization daily energy 
savings Wh 39,1 0,0 28% 
 
Daily energy consumption per lamp Wh 3 295 2 221 33% 
Annual cost of energy per lamp PLN 329,61  222,19  107,42  
Annual cost of energy for whole 
system PLN 32 961,18  22 219,28  10 741,91  
95 
 
 
 
 
 
 
 
Reduction of maintenance cost 
Light source burning hours h 10 000 24 000 58% 
Light source price PLN 60,00  60,00  
 
 
 
 
Light source exchange cost PLN 15,00  15,00  
Mechanical equipment cost PLN 35,00  35,00  
Total cost of exchange the light 
sources in whole system PLN 11 000,00  11 000,00  
Annual total maintenance PLN 4 705,58  1 960,66  2 744,92  
 
Annual total cost (energy + 
maintenance) PLN 37 666,76  24 179,94  13 486,83  
    
36% 
 
 
 
 
 
 
 
 
 
Investment 
Starter PLN 36,00  
 
 
Stabilizer PLN 88,00  
 
Capacitor PLN 10,00  
 
Stabilization-ignition system 
 
134,00 zl  128,00 € 
Concentrator € 
 
1 400,00  
GSM modem PLN 
 
1 000,00  
Software PLN 
 
10 000,00  
CE tests PLN 
 
3 000,00  
Investment value per lamp PLN 134,00  703,20  -81% 
 
 
   
Total investment cost PLN 13 400,00  70 320,00  56 920,00  
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Economical analysis: 
 
Year Revenue (PLN) Profit (PLN) 
 
 
Internal Rate of Return (IRR) 
Net Present Value (NPV) 
 
 
 
 
 
 
 
year 0 -56 920,00  -56 920,00  
year 1 13 486,83  -43 433,17  
year 2 13 486,83  -29 946,35  
year 3 13 486,83  -16 459,52  
year 4 13 486,83  -2 972,69  
year 5 13 486,83  10 514,13  
year 6 13 486,83  24 000,96  
year 7 13 486,83  37 487,79  
year 8 13 486,83  50 974,62  
year 9 13 486,83  64 461,44  
year 10 13 486,83  77 948,27  
IRR 11,1% 
NPV 1 653,32  
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Fig. 5.1. Total investment costs  in 10 years period
traditional system
electronic system
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5.2. Conclusions 
 
 
 
 
From above results, table 5.2 and figure 5.1 we can see that investment cost of street lighting 
management system “Jupiter” is higher than investment cost of street lighting system with 
traditional ballast. On the other hand we can also notice that annual maintenance cost for 
“Jupiter” is lower than for  traditional solution, because used in “Jupiter” electronic ballasts 
possess energy saving features. Electronic ballast have higher efficiency what gives 4 [%] 
advantage over traditional ballast per lamp. Moreover it can change the luminous flux density 
and this feature gives 30 [%] advantage over traditional ballast per lamp. It is also capable of 
stabilize the power what gives 28 [%] advantage over traditional ballast per lamp. When we 
sum up all the savings it is 33 [%] less daily energy consumption per lamp, what gives almost 
10,7 thousand zloty every year. I like to remind that I calculate the street lighting systems 
consisted only 100 lamps, the bigger the system will be the bigger savings we obtain. We 
have to consider another electrical ballast feature, which is extension of light source burning 
hours. This feature of electronic ballast gives 58 [%] advantage over traditional ballast. When 
we change the percentage value into money, we can notice that annual total maintenance cost  
is 2,7 thousand zloty. Now when we sum up all the savings which flow from investment in 
street lighting management system “Jupiter” every year is gives us 13,4 thousand zloty. 
Unfortunately the cost of investment in “Jupiter” is more than 5 times higher than in 
traditional solution. The “Jupiter” gives a lot savings during the operation, on the other hand it 
is expensive to build, because of that I made economic analysis to figure out after how many 
years the investment will bay back. In figure 5.1. we can see comparison of traditional street 
lighting system and street lighting management system “Jupiter”.  The results of the economic 
analysis show that investment in street lighting management system “Jupiter” will bay back 
after 4 years according to made assumptions, but we have to consider that energy prices in 
Poland will increase rapidly through next few years. Because of that we can expect that time 
of return will be less than 4 years. According what I assumed before, investment time of 
return is 6 years and the rate of discount is 10%, the net present value (NPV) is equal 1 653,32 
zloty and internal rate of return (IRR) is 11,1 [%]. It means that when investor think about 6 
years investment, “Jupiter” is profitable investment.   
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6. Conclusions  
 
Master thesis subject was proposed by Elektroim S.A. company after they had designed 
and installed first experimental street lighting management system called “Jupiter” on the 
company area. It is new solution on polish street lighting market and follows the global trends 
in this field.  
Main objectives for me were, first of all to test the existing system. Purpose of testing was 
to find out as much as possible about the hardware and the software. I spent many hours in 
company working with “Jupiter” software and concentrate my attention on the faults and 
errors. I took notes of all imperfections, because next step will be improvements of software 
in cooperation with computer engineer.  
Second task has been measuring the components of new build system. I examined most 
important part of the system which is electronic ballast, it enables management of street 
lights. I focus my attention on comparison of electronic stabilization-ignition system and 
traditional one, which consist of stabilizer (magnetic coil), starter (switch) and capacitor. 
 Moreover, the ballasts were working with two types of light sources (light bulbs), which 
are most popular nowadays in street lighting systems, high pressure sodium lamp and metal 
halide lamp. It has been the main and most laborious part of my master thesis research. This 
objective can be separate into two paths. One of them called “Fluke measurements“ has 
consisted of recording active powers, reactive powers, currents, voltages, cosφ values and 
waveforms, gathered data have been using to future efficiency determining, waveforms and 
ignitions comparison and disturbances reactions analysis. The results of comparisons and 
analysis and drew conclusions are presented in my master thesis. Second path called 
“illumination” has consisted of recording active power, current, voltage, luminous flux 
density values, gathered data have been using to future comparisons and analysis, which 
results are presented in my master thesis.   
Third objective has been carrying out the theoretical economic analysis. I took basic 
information from the results of measurements, which I made before and the rest parameters I 
took from price lists and from internal company documents. I spent many hours working on 
modifications the spreadsheet in MS Excel, which can be used to comparison the traditional 
street lighting system with “Jupiter” from economic point of view. The excel engine has used 
for economic analysis, which results are gave in one of the chapter in my master thesis and 
also to crate sales offers for potential customers. Furthermore, the results from my spreadsheet 
has been using by the company in commercial presentation. That was the first part of my 
work connected with economical aspects, moreover I have done the review of the systems 
similar to the “Jupiter” on global market. Repost from my research will also be add to the 
commercial presentation of “Jupiter”.     
Finally task for me has been preparing the commercial presentation of “Jupiter” and also 
has been preparing  myself to sell street lighting management system. It took many hours to 
gathered all necessary data and did the presentation which in future will by presented in front 
of potential customers.  
In my opinion the work which I have done was and will be used by the company 
Elektrotim S.A. to introduce on polish market street lighting management system. Similar 
solutions are applied in some European cites of high developed lands. According to my 
knowledge administration of some cites in Poland  is also looking ahead and is interest in 
modernization of old street lighting systems on new one which are able to save the electrical 
energy and simultaneously increase the road and pavements safety.   
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